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In turn, these programs depend up: 
the continuing flow of new id 


know-how which are drawn upon for today’s 4 
capability and tomorrow's advances. 


In building strength upon strength in the race for 

space technology leadership, the knowledge 

and experience gained from Atlas, Thor, and Titan 

ballistic missile systems developement is 

being applied to advance Minuteman. For these : 

programs, under the management of the Air x 

Force Ballistic. Missile Division, Space Technology 
Laboratories has had the direct responsibility 
for over-all systems engineering and technical direction. 
As these ballistic missile and related space programs 
go forward, STL continues to contribute technical 
leadership and scientific direction. 
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Missile 
Program 


In this capacity STL offers unusual opportunities for creative 
work in the science and technology of space systems. To 

those scientists and engineers with capabilities in propulsion, 
electronics, thermodynamics, aerodynamics, structures, 
astrophysics, computer technology and other related fields and 
disciplines, STL now offers immediate opportunities. Please 
address your inquiries and/or resumes to: 


SPACE TECHNOLOGY LABORATORIES, INC. 
P. O. Box 95004, Los Angeles 45, California 
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Manchester, England ¢ Singapore « Hawaii 
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Johns-anvile Announces... 


Min-KLapD INTERLOK 


... @ new structural system interlocking Min-K insulation and high-temperature reinforced plastic 


Missile experience shows that in certain 
heat control situations no one material 
will perform as well as two (or more)— 
an insulation with protective high-temper- 
ature facings. 


Problem is how to effectively combine 
these materials into a structurally strong 
unit? The answer is Min-Klad Interlok 


v v 


1) Outer facing, 2) Interlocking web, 3) Core, 


any one of several Min-K formulations, and 
4) Inner facing. 


All the above components combine to provide a 
custom-made structural strong insulating system. 


—a new Structural system that interlocks 
Min-K insulation and reinforced plastic, 
metal or other high-temperature facings. 


The result: one product that gives the 
missile designer every advantage of high- 
temperature plastic or metal foil— 
strength, toughness, rigidity! Erosion re- 
sistance! High heat capacity! 


... plus the outstanding advantages of 
Min-K insulation—an insulating core that 
has the lowest thermal conductivity avail- 
able for service temperatures up to 2000°F 
steady-state, and higher for transients. 
Min-K’s thermal conductivity is actually 
lower than the molecular conductivity 
of still air. 


Wide range of facings 
For the hot face, the missile designer can 
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specify Min-Klad Interlok in a wide 
variety of heat-resistant and/or ablating 
materials—asbestos-phenolic (ARP-40), 
and similar reinforced plastics, as well as 
Stainless steel and other heat-resistant 
metal foils and meshes. For some require- 
ments, the cool face can be made of a 
different material—for example, one that 
offers characteristics required for bonding 
or fastening to other surfaces and parts. 


Like all J-M Aviation insulations, Min- 
Klad Interlok is factory-fabricated to 
your specifications into external skin 
panels, heat shields, cylindrical liners or 
component housings of any shape or size. 
Write today for technical specifications. 
Address Johns-Manville, Box 14, New 
York 16, New York. In Canada, Port 
Credit, Ontario. 
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ON OUR COVER 


First look at Outpost III, Manned Space Station design study by K. A. Ehricke, 
of Convair Astronautics. The 4-compartment station, to be assembled by Centaur 
or Saturn vehicles, is proposed for selection and training of space crews, and de- 
velopment of life support systems for deep space missions. The design calls for a 
weight of 50,000 lbs., 10-ft. diameter, and 140-ft. length (exclusive of radiators at 
ends), with nuclear-electric power. Nearest end is heavily shielded as ‘‘electro- 
magnetic storm cellar’ for 4-8 in crew during solar flares. Fiber glass, rubber, and 
polyethylene are recommended for protection against secondary radiation. Large 
living quarters, with entrance off center, are in background. A/SE 1s indebted to 
Mr. Ehricke, an Editorial Advisor, and Artist John Sentovic, both of Convair, 
for this striking cover illustration. 
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IAS BULLETINS ANDLATE NEWS... 


CAPT. PAUL J. BURR, USN (RET.), AFIAS, has joined the IAS Staff as Director, 
Technical Services, at IAS National Headquarters. With over 30 years in aero- 
nautics and allied fields, (including 22 in the Navy and 8 in Industry) Capt. 
Burr's background is one heavy in engineering. He has served in the former 
BuAer, in ONR, and in the Fleet in several capacities, including Pilot. This 
development and others will be the subject of next month's editorial, of in- 
terest to every member of the Institute. 


READERS' RESPONSE TO "OPTIMUM ROCKET TRAJECTORIES" (A/SE, January and February) is 
unprecedented. Commentary in our possession, despite publication of several letters 
in this and our March and April issues, (requiring space equivalent to four solid 
pages of text) remains many times in excess of publication space obtainable. Also, ' 
it is felt that prolonged open discussion can achieve nothing that personal corres— 
pondence between those vitally interested in the trajectory problem cannot also ac-— 
complish. Therefore, discussion of this subject in our Letters "page" is being dis— 
continued with this issue. Observations are being forwarded to the authors, who 

have indicated a desire to study comments and personal replies. 


A SCHEDULE MADE POSSIBLE BY IAS CHARTER of a TWA Jetstream Constellation will 
enable IAS delegates to the Second International Congress in the Aeronautical 
Sciences (in Zurich, September 12-16) to attend the UTAM (Union of Theoreti- 
cal and Applied Mechanics) Congress in Stresa, Italy, and visit the SBAC (So- 


ciety of British Aircraft Constructors) Show at Farnborough, Ingland, as well. 
Dates of these events are August 3l-—September 7, and September 5-11, respec— 
tively. Ample free time also will be available to delegates. The flight de— 
parts N.Y. International Airport on August 28, terminating at Paris. Return 
will be from Zurich on September 17. Full details will be provided IAS mem— 
bers only by the office of IAS Secretary Robert R. Dexter IF aircraft seats 
are available when such requests are received. In view of limited accommo-— 
dations, reservations are being accepted on a first-come, first-served basis. 


SECTION MEETINGS CALENDAR * 


San Diego: Technical Meeting, IAS Bldg., 7:30 pm (Confidential), "Space-— 
craft Propulsion", A. Negro, Rocketdyne Div., North American Aviation. 
Wichita: Technical Meeting, Innes Tea Room, 6:30 pm, "Development of McDon-— 
nell Model 120 Helicopter", L. R. Novak, McDonnell Aircraft Corp. 

San Diego: Spring Dance, IAS Bldg., 9 pm. ‘ 

Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Meteorites", Prof. H. 
Brown, Calif. Inst. of Technology. 

San Diego: Movie Night, IAS Bldg., 7:30 pm, Movies with V/STOL theme. 
Washington: Dinner Meeting, Occidental Rest., 6 pm, "Project Mercury", R. 
R. Gilruth, Goddard Space Flight Center, NASA. 

Los Angeles: Historical Meeting with Soaring Society, IAS Bldg., 8 pm, 
"Contribution of Gliders to Development of Aircraft", W. B. Klemperer, 
Douglas Aircraft Co. 

Niagara Frontier: Dinner Meeting, location to be announced, 7 pm, "Army 
Aviation", Brig. Gen. C. F. Von Kann, Office of Dep. Chief of Staff Operns. 
Los Angeles: Dinner Meeting—Family Night Smorgasbord, IAS Bldg., 6 pm, 

"The X-15 Story", A. Scott Crossfield, North American Aviation. 

Omaha: Luncheon Meeting, Offutt AFB Officers' Club, 11:45 am, "Electrical 
Propulsion Systems, W. R. Corliss, Nuclear Div., The Martin Co. 
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May 19 San Diego: Technical Meeting, IAS Bldg., 7:30 pm, "Foil Gauge Structures", 
B. Mitchell, Ryan Aeronautical Co. 

May 21 Great Salt Lake: Dinner Meeting, Hill AFB Officers' Club, 6:30 pm, IAS 
President Donald Putt, Guest of Honor, "Defense Projects and Industrial 
Prospects in the Inter-—Mountain Area", P. W. Vestigo, Sperry Utah Engrg. 
Laboratory. 

May 24 New Mexico: Dinner Meeting, Kirtland AFB Officers' Club, 7:30 pm, "Chal- a 
lenge of Space", E. M. Flesh, McDonnell Aircraft Corp. ’ 

May 24 Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Magneto—Hydrodynamic 
Experiments", V. H. Blackman, MHD Research, Inc. 

May 24 Tulsa: Dinner Meeting, Midwestern Instruments, 6:30 pm, IAS President 
Donald Putt, Guest of Honor, "Flight Test Instrumentation Techniques", 
Brig. Gen. J. W. Carpenter, III, and tour through Midwestern Instruments 
facility. 

May 27 Tullahoma: Dinner Meeting, Arnold Engrg. Dev. Center Officers Open Mess, 
7 pm, "Russia and Astronomy", Karel Hujer, Astronomy Dept, U. of Chat— 
tanooga 

June 7 San Diego: Technical Meeting, IAS Bldg., 7:30 pm, "Doppler Inertial Guid- 
ance for High Performance Aircraft", L. S. Reel, Ryan Aeronautical Co. 

June 14 Los Angeles: Specialists Meeting, IAS Bldg., 8 pm, "Bi-axial Stress 
Fields", D. Fitzgibbon. 

June 14 San Diego: Annual Historical Dinner Meeting, "Development of the V—2", 
Contact Ruth Staley, IAS Bldg., Phone: CYpress 5-5119, for details. _ 

July 7 San Diego: Technical Meeting, IAS Bldg., 7:30 pm, "Methods of Analysis of ® 
a Control System for a Large Flexible Missile", D. Lukens, Convair—Astro. @ 

July 16 San Diego: Annual Summer Dance and Cruise aboard Kon—Tiki, 9 pm. 

July 21 San Diego: Technical Meeting, IAS Bldg., 7:30 pm, movies with transonic 
and supersonic theme. q 

Aug. 18 Los Angeles: Dinner-Historical Meeting, IAS Bldg., 6 pm, "The Evolution of @ 
Propulsion", D. L. Walter, Marquardt Corp. 

Aug. 31-Sept. 1 Los Angeles: Section Symposium, IAS Bldg., all day, "Recovery of 

Space Vehicles"—-including Secret sessions. 


* Items for this section accepted up to seven working days before end of the month. 


INTERNATIONAL, NATIONAL, AND JOINT MEETINGS CALENDAR 


May 2-4 IRE Aeronautical Electronics Conference (Participation by Dayton 
Section of IAS), Dayton, Ohio. 

May 23-25 National Telemetering Conference (cosponsored by IAS, ISA, ARS, 

IRE, and AIEE), Hotel Miramar, Santa Monica, Calif. q 

May 25-27 Specialists Meeting, Guidance of Aerospace Vehicles, Boston, Mass. 4 

June 28-—Jul. 1 Summer Meeting, Ambassador Hotel, Los Angeles, Calif. 

Aug. 1-3 Meeting on Future of Manned Military Aircraft, San Diego, Calif. 

Sept. 12-16 2nd International Congress, International Council of the Aeronauti=@ 
cal Sciences, Zurich, Switzerland. 

Oct. 3-5 Midwestern Conference on Air Logistics, Tulsa, Okla. 

Oct. 17-18 CAI/IAS Joint Meeting, Queen Elizabeth Hotel, Montreal, Canada. 

Oct. 20-21 Symposium on Hypervelocity Techniques, Denver, Colorado. 

Dec. 17 Wright Brothers Lecture, Washington, D.C. 

1961 
Jan. 23-25 29th Annual Meeting, Hotel Astor, Times Square, New York. 


Flight Propulsion Meeting (Classified), Cleveland, Ohio. 


: 
: 
* 
= 


a 


A Guest Editorial by Simon Ramo, FIAs 


Condensed from his address given at the IAS-NASA-RAND 
Corporation Manned Space Stations Symposium Banquet 


at Los Angeles, April 20. 


Can Free Enterprise Launch Space Platforms? 


THE IAS-NASA-RAND Manned Space Sta- 
tions Symposium, some of the nation’s most creative 
scientists and engineers describe space platform proj- 
ects that are as sound as they are imaginative and 
which, in many instances, could be reduced to practice 
in a few years with beneficial effects on our military 
posture and on our peacetime civilization. Yet, 
very little of what is under discussion at this symposium 
will be accomplished on so rapid a schedule. The rate 
of accomplishment will not be limited by the state of 
the technological art, by our technical know-how, or 
by our total national technical and physical resources. 
Other factors lying outside the realm of science are our 
real national bottleneck. 


It has become an accepted impression in this country 
that our scientific progress is limited by available 
engineers and scientists, and that many things that 
ought to be done rapidly cannot be pursued at the 
desired rate because of a limitation of scientific re- 
sources. This is certainly a potentially serious future 
controlling parameter. However, today there is an- 
other much more severe constraint in the bottle’s neck. 
We are limited by a growing inadequacy, compared 
with the need, in our ability to make decisions, organize, 
and generally arrange to get things done. We are 
failing to exploit the production and scientific resources 
of our nation to the fullest to provide us with the best 
possible national position, in peace or war. 

Note, for example, that following a miracle, almost 
an accident, of decision-making and arrangement- 
making action without precedent in peacetime, and 
after a very late start, we were able to solve the basic 
technical problems of the intercontinental ballistic 
missile from structures and propulsion through to 
guidance and re-entry in a time period probably less 
than the head start that the Soviet Union had in these 
matters. This was in half the time usually required 
for much smaller technological steps. Still, it was 
more a miracle of organization than of science. Never- 
theless, today, years after complete demonstrations of 


Dr. Ramo is Executive Vice-President of Thompson Ramo 
Wooldridge Inc. 


our technical capability and years after the unprece- 
dented simultaneous implementation of all of the pro- 
duction tools and facilities and operational military 
planning for the full utilization of these technical 
accomplishments, we still seem to be involved in major 
debates as to how many missiles we should provide to 
ensure inevitable retaliation—this, even though a 
substantial part of America’s capacity for repetitive 
hardware production stands unused. 

But failure to use our production resources to the 
fullest and allowing unused capacity to stand idle 
constitutes only one aspect of our failure to exploit 
our strong technical resources position. Perhaps our 
greatest shortcoming is our lack of imagination in 
applying the potential advantages of true competitive 
free enterprise to the overall exploitation of science and 
technology for the national good. 

In defense work generally, and in space and missile 
work in particular, Government and private competitive 
industry are entwined in an increasingly confused 
relationship which makes difficult the utilization of the 
advantages of our free enterprise system and seems in- 
stead to emphasize its shortcomings. The concepts 
of competition, the employment of incentives for 
outstanding performance and rewards for successful 
pioneering are not dominant characteristics in our 
present way of conceiving and executing missile and 
space projects. 

Is it necessarily fundamental that, since Government 
chairmanship is clearly needed for high priority, large, 
complex, national-survival programs, the free enterprise 
system must be a minor and often even a negative 
factor? In the highly technological society toward 
which we are headed, must we accept and organize our 
efforts around a controlled economy and industry? 
Are not the factors that once were basic to the creation 
of our enormously successful peacetime industry also 
applicable to the cold war and the military and space 
research projects which appear now to symbolize the 
coming more technical age? 

It is becoming increasingly clear that these questions 
now need and deserve a larger share of our best think- 
ing. 
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Current Status 


A general discussion involving the problems and goals 
of man’s role in the space flight mission. 


Manned Space Flight—Present and Future Steps 


Robert R. Gilruth, FIAS, and H. Kurt Strass, Space Task Group, NASA 


i, HAS BECOME increasingly evident that the full utili- 
zation of space flight for scientific and exploration pur- 
poses will depend on man’s ability to participate in the 
flight mission. While, in principle, it is possible to 
devise increasingly complex instruments and automatic 
systems, in practice the availability of human intelli- 
gence and decision-making capacity in the vehicle will 
prove to be essential for successful accomplishment of 
many advanced space missions. 

In order to provide this capability, a broad program 
of research and development has been undertaken spe- 
cifically to identify and find practical solutions to the 
problems of manned space flight. The program, 
Project Mercury, was instituted in October, 1958.'~* 

This program, in itself, represents the biggest step 
man has ever attempted in extending the frontiers of 
flight. In terms of speed alone, it extends by a factor 
of over seven the maximum speed ever attained by man. 
This comparison is based on the present speed record, 
obtained in the last flight of the X-2 airplane in which 
Major Apt exceeded Mach No. 3 before he lost control 
of the craft and was killed. Similarly, in terms of range 
and altitude, ground control required, as well as in 
vehicular problems, the step is a giant one.*~!° 

While the primary objective of the Mercury project 
is to study man’s capability in a space flight environ- 
ment by achieving manned orbital flight, it is implicit 
in the task that the whole technology of flight and of 
vehicle requirements is advanced at an accelerated rate. 

It has become obvious, for example, that manned 
space craft should have an escape system to help cover 
launching hazards. Similarly, it is evident from the 
global nature of flight operations that space craft should 
be designed to perform either land or sea landings and to 
survive for protracted periods of time. In the same 
manner, the requirements of flight worthiness—dynamic 
stability, heat protection, orbital control, landing and 
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sea keeping, life support—are of necessity defined in 
quantitative terms. 

Regardless of the size of the step undertaken by the 
Mercury project, and in spite of the unknowns that lie 
ahead, it is characteristic of mankind to ask, ‘‘What 
comes next? What should the next step be and the 
next series of steps? How should they be done?”’ 

The answers to all these questions cannot be pro- 
vided in detail at this time. However, many of the 
factors to be considered have already become clear. 
It is the purpose of this paper to discuss future manned 
flight in the light of current activities and to assess to 
some degree the work which has to be done. 


Objectives 

While the immediate objectives of Mercury are well 
defined, the future programs can only be discussed in a 
broad sense at this time. An outline of objectives in 
probable order of achievement may be written as 
follows: 


Present 


(1) Explore man’s capability in space missions. 
(2) Develop space flight technology. 
(3) Derive initial solutions to problems. 


Future 


(1) Multi-man orbital vehicles—(a) for space labora- 
tories, (b) for advanced systems evaluation and qualifi- 
cation, and (c) for training missions. 

(2) Multi-man circumlunar flight. 

(3) Manned lunar exploration. 

(4) Manned planetary exploration. 

Each succeeding step will be more difficult than the 
one preceding it and, moreover, should conform to a 
plan of activity in order to minimize the numbers and 
types of vehicles, boosters, and other facilities which 
will have to be developed. 


I 
I 
( 


| 
4 
4 
3 
f 
5 
f 
S 
a 
= 
nl 
tl 
? | 
; 
: b 
cl 
te 
dl 
te 
Lae 
P 
la 
b 
: 
p 
CC 
E 
re 
Ag 


1 in 


the 
t lie 
Vhat 
the 


pro- 
the 
‘lear. 
nned 
‘ss to 


> well 
lina 
yes in 
“nas 


abora- 
yualifi- 


an the 
m to a 
ors and 
which 


Program Planning Concepts 


The background of work to date on the Mercury 
project has been extremely useful in identifying key 
problem areas and requirements for the next generation 
of manned space missions. Major factors and ground 
rules are outlined in the following paragraphs. 


Flight Objectives 


The flight mission selected is of necessity a compro- 
mise between the goals desired and the expected state 
of the art during the time period. In this sense, the 
objectives are not independent variables but result 
from an iteration of the desired steps with the tech- 
nology available. From consideration of the many 
factors involved, it appears that the multi-man earth 
satellites are achievable within the expected state of the 
art, while such programs as manned lunar landing and 
return should not be directly pursued at this time. 
Multi-man circumlunar vehicles however, while posing 
many difficult problems, might logically be derived from 
the multi-manned earth satellites. 


Propulsion 


The propulsion art, more than any other single item, 
determines the design and capability of the space ve- 
hicle. Just as Mercury has been designed for the Atlas 
booster, the next vehicle system will depend on the 
Saturn. 

While large chemical rockets such as Saturn and later 
in the Nova have excellent potential for heavy earth 
satellites, more advanced missions with chemical fuel 
become much more difficult. While it is possible in 
principle to refuel in orbit with multiple tankers or to 
cluster million-pound booster rockets, in practice these 
techniques appear extremely difficult and costly. Nu- 
clear propulsion in some suitable form would be the key 
to rapid progress and to true space exploration. 


Point Landing Capability 


The ability of the space craft to be steered to a point 
landing on return to earth would be a very useful capa- 
bility. The degree to which this characteristic can be 
achieved is not yet clearly established. It depends 
primarily on adequate onboard guidance, mid-course 
propulsion, together with lift control during re-entry 
and final control during the subsonic descent. Various 
possibilities have and are being studied. Symmetrical 
capsule shapes with lift control flaps or lifting bodies 
appear most compatible with re-entry requirements, 
particularly from escape speeds. Rotors or steerable 


parachutes are interesting possibilities for final descent 
control. 


Emergency Escape Capability 


Positive capability to return safely to earth from any 
point in the flight trajectory should be a major goal in 
the vehicle design. The Mercury escape tower and 
tetrorocket system is an example of this capability for a 
telatively simple launching and orbit situation. How- 


‘ over 30 research papers dealing with aero- 


Mr. Gilruth is Director of Project Mercury and 
Assistant Director of the Goddard Space 
Flight Center. Prior to his present appoint- 
ment, Mr. Gilruth was Assistant Director of the 
Langley Aeronautical Lab., NACA. He has 
been associated with the NACA/NASA con- 
tinuously since receiving B.S. and M.S. degrees 
in Aeronautical Engineering from the University 
of Minnesota in 1936. Pioneering in the use 
of expendable free-flight rocket models to 
obtain a wealth of information in the transonic 
and supersonic regimes, he is credited also 
with the organization, design, and develop- 
ment of the Wallops Island Research Station where more than 3,000 
research models have been tested since its establishment in 1945. For 
his efforts in this field, Mr. Gilruth was awarded the Sylvanus Albert 
Reed Award in 1950 by the IAS, of which he is a Fellow. He was also a 
recipient of the Federal Government's Superior Accomplishment Award in 
1951. He has contributed over 50 research papers in many fields of 
aeronautical activity. 


Mr. Strass is the Assistant Head, Systems Test 
Branch, Flight Systems Division, NASA Space 
Task Group, Langley Field, Va. In this posi- 
tion he directs the activities of a special plan- 
ning group concerned with future manned 
space programs. He received a B.S. degree 
in Aeronautical Engineering from the Georgia 
Institute of Technology in 1943 and has been 
associated with the NACA/NASA since that 
time. His experience includes wind-tunnel and 
free-flight rocket research techniques. Mr. 
Strass has been the author or co-author of 


dynamic controls, aeroelasticity, aerodynamic 
heating, and thermal analysis of heated struc- 
tures. 


ever, for higher orbits and as minimum satellite speeds 
are exceeded, escape capability becomes much more 
difficult to provide. Considerably more onboard pro- 
pulsion for path control or braking is required. 


Ground and Sea Landing Capability 


Because of the great distances involved, abort from 
the launching maneuver may cause landings on either 
land or water. Similarly, return to earth from escape 
speeds, unless timed just right, makes the landing point 
extremely difficult to predict. These factors virtually 
require amphibious capability. Even for the much 
simpler case of the Mercury capsule, the provision of 
the landing impact bag® was considered essential to 
provide ground landing capability for the pad abort 
situation. The bag was also designed to improve the 
sea-keeping qualities of the vehicle in waves and during 
pilot egress from the capsule. 


Survival Time 


One of the most powerful factors in reducing the re- 
covery force required for space vehicles is the provision 
of a sufficiently great survival time after landing. For 
multi-man vehicles, it appears that survival times of 
several days could readily be provided. This charac- 
teristic, together with modern radio communication 
techniques, would reduce the recovery effort to an 
easily supportable routine effort. This situation is in 
contrast to the Mercury survival time which is neces- 
sarily short because of the pioneer nature of the flight, 


the small size of the capsule, and the single-man crew. 
(Continued on page 88) 
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Current Status 


The Military Test Space Station 


Colonel Lowell B. Smith, USAF, Space Systems Office, WADD, ARDC 


Contaminated air from nuclear rocket lests will be a thing of the past when lest space stations are functioning. 


By 1970, a recoverable booster and a logistics (or resupply) vehicle should be operational. 


Rs U.S. Air Force in its relatively short history as 
a separate service has been in the forefront of the 
military tradition of advancing the cause of technology 
and human progress. Nowhere is this tradition more 
evident than in the Research Aircraft Program. In 
1947, the Air Force spearheaded the penetration of the 
sonic barrier with the X-1 research and supersonic test 
vehicle. The success of this breakthrough in the aero- 
nautical sciences was followed by the development of the 
X-2 research aircraft which succeeded in achieving new 
altitude and speed records and adding significantly to 
mankind’s fund of aerodynamic knowledge. At the 
present time, the X-15 is undergoing initial tests and 
will, undoubtedly, further extend our knowledge in the 
aeronautical and astronautical fields. The Dyna-Soar 
vehicle, now under development by the Air Force, is ex- 
pected to roll back further the scientific barriers and 
to open the door to the boundless arena of space. This 
then brings us to the next logical step in the evolution of 
the Air Force’s family of aerospace research vehicles 
—the Military Test Space Station. 

The Military Test Space Station will have two broad 
missions— scientific research and military tests. The 
search for and collection of fundamental scientific data 
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will be equally balanced with the conduct of military 
tests and the determination of the effects of the space 
environment on personnel, mechanisms, and weapons. 
In actual practice, it is often difficult to differentiate be- 
tween pure scientific research and military research and 
development, for there is considerable overlap. Need- 
less to say, the accumulation of knowledge about space 
as an environment for military operations is absolutely 
essential for the accomplishment of the military mission. 
However, in view of this dual role of a Test Space Sta- 
tion, the program must be undertaken jointly by the 
military and civilian activities participating as equals. 
Within the scope of these dual missions, let us consider 
some of the unique advantages to be realized from plac- 
ing such a station in orbit. An environment will be 
available wherein weightlessness can be experienced for 
prolonged periods of time. Cosmic and other forms of 
extraterrestrial radiation can be studied in their unat- 
tenuated forms for extended periods of time. Undis- 
The spatial 
vacuum will be readily available for all types of tests. 


torted celestial observations can be made. 


Scientific and exploratory probes can be easily launched. 
Finally, being outside the earth’s atmosphere, tests 
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that would contaminate the air or surface of the earth 
can be conducted. 

These advantages of the test station in space then 
set the stage for the tests to be conducted. Since these 
tests fall into the two broad categories of research and 
military test, let us look briefly at a few of the tests to be 
conducted. 

In the research area, the entire spectrum of basic 
sciences will be investigated. The extent of these tests 
is unlimited. Life sciences in particular will be an area 
of interest. Plant life, animal life, and, of course, man 
will be studied under the harsh conditions of space. 
The effects of zero g, the biological effects of radiation, 
and the conduct of controlled observed human tests 
will all be of vital importance. The careful study of 
radiation belts and the charting of these regions both as 
to intensity and location is essential. Cosmic rays, 
solar flare radiation, beta radiations, and other radia- 
tion phenomena all must be carefully studied. The 
science of astronomy will have, through undistorted 
observations, a new view of the universe. Investigation 
will be made into the nature of the earth’s magnetic 
field, the ionosphere, and other regions to give us a 
better understanding of Mother Earth. 

In the area of military testing, it is essential that those 
items to be used in space must be tested in the space 
environment. To touch briefly upon some of the mili- 
tary tests that will be undertaken is all that can be done. 
Nuclear rockets can be tested in a true environment 
without contaminating the atmosphere. The starting 
of engines in vacuums can be looked into. Guidance 
equipment for space-to-earth rockets can be tested and 
developed. And, of course, the most important item 
of military equipment to be tested in space is man him- 
self. Additionally, the station will be used for weapon 
system check-out; as a site for training space crews; 
for the study of meteorology; and for a host of other 
purposes. 

With this as background, let us now consider some 
of the requirements surrounding this military test space 
station. It is believed that 1970 is a realistic date for 
initial operation of the Military Test Space Station. It 
will logically follow the Mercury - Dyna-Soar develop- 
ments. Additionally, its operation depends upon the 
availability of a recoverable booster and a logistics or 
resupply vehicle both of which should be available in 
the 1970 time period. 

For the operational and economic reasons, the station 
must operate in the region below the inner Van Allen 
belt. Assembly, resupply, crew rotation, and protec- 
tion all favor a low-altitude orbit. This low altitude 
is also indicated by the fact that it represents a reason- 
able technological step to proceed from low orbits to 
successively higher ones. 

The space station must be able to function a year or 
more without major repair. However, some on-station 


Colonel Smith studied engineering at the Uni- 
versity of California and at the United States 
Military Academy. He holds a B.S. degree 
from West Point and an M.B.A. from Columbia 
University and is a graduate of the Air Com- 
mand and Staff School. During World War Il, 
he served with distinction as combat commander 
of a fighter squadron. Subsequent assign- 
ments included duties as Chief of Air Force 
Fighter and Research Aircraft Development, 
Has., USAF; Director of Program Admin., Has., 
ARDC; and Technical Executive of the Direc- 
torate of R&D, Hqs., USAF. His present posi- 
tion is with the Wright Air Development Divi- 
sion, ARDC, as Chief of the Space Systems Of- 
fice. 


provisions must be provided to detect and repair mete- 
orite damage and for maintenance of a limited nature. 

Resupply missions and crew rotation require the in- 
corporation of rendezvous equipment and landing docks 
into the station design. 

Crew comfort, relaxation, and protection are of pri- 
mary concern. Duty, living, and recreation areas must 
be separated. Artificial gravity must be provided in 
these areas. 

Test areas will include a life sciences laboratory, a 
celestial observatory, propulsion test area, vacuum test 
area, and probe launching stations. Adequate power 
and associated facilities to conduct numerous tests at 
one time is required. A command and control cente1 
must be included to process and transmit large quan- 
tities of data. 

It is visualized that the development and operation 
of this space station is feasible within the early 1970 
time period. This program must be viewed as an es- 
sential early step in achieving a national space capa- 
bility. The rapid and timely completion of the Military 
Test Space Station will do much to bring about space 
supremacy for America and lay the scientific founda- 
tion for the aerospace power of the future. 
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Current Status 


Manned flights will occur on Centaur and Saturn boosters that use high-energy 
propellants in upper stages. Although first launchings of these vehicles will 
occur in 1961 and 1963, the date that they become reliable enough for manned 


flights can be learned only through experience. 


Current Trends in Large Booster Developments 


Eldon W. Hall, MIAS, and Francis C. Schwenk 


National Aeronautics and Space Administration 


A. THE PRESENT TIME, there are ten or more booster 
vehicles either in use or in development by the NASA 
and Department of Defense for space exploration and 
applications. Many of these vehicles will be utilized 
only for a short period of time or for specific tasks. 
However, the booster or launch vehicle program, as 
presently planned, will include only four and possibly 
five different vehicles for use in the space programs of 
the current decade. Certain aspects of the booster 
vehicle program and trends in booster developments 
should be recognized by those working in the manned 
space flight field. 

NASA has under development (or in the planning 
stage) three major chemical rocket engines to be used 
in booster vehicles. Two of these, the Centaur 15K 
engine and a new 200K engine, use the high-energy 
propellants, hydrogen and oxygen, and the other, the 
1.5 million pound thrust 1.5M engine, uses the conven- 
tional propellants, oxygen, and RP-1. The first two 
are the only really new engines that are expected to be 
used in booster vehicles for at least the next five years. 
In various combinations, these two hydrogen-oxygen 
engines will power the upper stages of our Centaur and 


20 Aero/Space Engineering + May 1960 


Saturn boosters. Although there are several con- 
templated uses for the 1.5M engine, at present there are 
no specific vehicles under development using this 
engine. 

Past experience with our booster vehicles demands 
that every effort be made to increase their reliability. 
One method, of course, is to reduce the number of types 
of vehicles and, thereby, increase the launching rate and 
the reliability of those in use. Our present program car- 
ries this idea even further by reducing the number of 
different types of stages and using these stages wherever 
possible in more than one vehicle. Thus, the develop- 
ment of Saturn is based on the use of previously de- 
veloped stages in each succeeding configuration of im- 
proved performance. Even the first three-stage vehicle 
will use the upper stage of Centaur as its top stage. § 
A new high-energy second stage, soon to be developed 
for the first version of Saturn, the C-1 configuration, 
will be used as the third stage of the next Saturn cot- 
figuration, C-2. 

No specific configuration has been determined for 
Nova as yet. Mission and payload requirements fot 
manned space stations and space flight will be neces 
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sary to establish the need for and specifications of a 
Nova-type vehicle. About all that can be said at 
present is that it will use clusters of the 1.5M engine in 
its first stage. More than likely some of the Saturn 
upper stages will be used in an effort to improve the 
reliability of Nova. Also, because of the high cost of 
this vehicle, it is possible that a recovery system will be 
used that is somewhat more advanced than the para- 
chute recovery now contemplated for Saturn. Con- 
ceivably, developments in nuclear propulsion could be 
available for the Nova vehicle. 


The choice of high-energy upper stages for Saturn is 
based almost entirely on the fact that, with present 
knowledge of stage construction, at least one of the 
upper stages must use high-energy propellants if cer- 
tain desirable missions are to be accomplished with 
this vehicle. The most advanced high-speed missions 
show the greatest benefits from high-energy propellants. 
As a result, the Saturn program was established for 
early incorporation of a high-energy second stage into 
the vehicle system. 


The higher performance afforded by high-energy 
propellants cannot be otherwise achieved with con- 
ventional propellants. While some increase in per- 
formance can be obtained by increasing the number of 
stages, this method has definite limitations because 
each stage must have sufficient thrust and, therefore, 
engines to lift all remaining upper stages. As the 
number of stages increases, the hardware and burn-out 
weight of each stage becomes a larger part of the 
weight of that stage, and increasing the number of 
stages beyond a certain number results in a decrease in 
performance. 


Near-optimum staging of vehicles can be obtained 
by adding stages to vehicles for the higher speed mis- 
sions. Thus, for low earth orbit missions, a two-stage 
vehicle will give over two thirds of the maximum 
payload weight capability, particularly when the 
second stage uses high-energy propellants. For mis- 
sions requiring near-escape velocity, two stages are 
inadequate, whereas three, although not providing 
maximum capability, can give a capability approaching 
the maximum possible with more stages. Similarly, 
even more-advanced missions require more stages. 


The lower stages of the vehicle designed for a high- 
speed mission are nearly optimum as a vehicle for less- 
advanced missions. Consequently, one vehicle can 
be used for a wide variety of missions simply by chang- 
ing the number of stages. Because the same lower 
Stages probably will be used for manned orbital flights 
as for more advanced high-speed missions, it is im- 
portant to realize that manned flights will occur on 
boosters using at least one high-energy upper stage 
using hydrogen-oxygen propellants. 


Mr. Hall, Chief, Analysis and Requirements, 
Office of Launch Vehicle Programs, NASA, 
attended Heidelberg College at Tiffin, Ohio, 
and earned a Bachelor of Mechanical Engi- 
neering degree from the University of Minne- 
sota in 1942. He joined the staff of the 
Cleveland Research Laboratory of the NACA 
in 1943, specializing in propulsion systems 
analysis. An early assignment was testing 
the first turbojet engines built in the United 
States. He moved to the nuclear reactor 
division of the Cleveland laboratory before 
joining NASA Headquarters in 1958. He is 
a member of Pi Tau Sigma. 


Mr. Schwenk, Space Scientist, Analysis and 
Requirements, Office of Launch Vehicle Pro- 
grams, NASA, received a Bachelor of Science 
degree from the Pennsylvania State University 
and a Master of Science degree from the 
University of Illinois in 1951. Joining the 
Cleveland Research Laboratory of the NACA, 
he assisted in early research on transonic 
compressors for turbojet engines. In late 
1958, he joined NASA Headquarters where 
he is charged with analyzing space vehicles 
for planning purposes. He is a member of 
Tau Beta Pi and Pi Tau Sigma. 


The Centaur booster, sometimes considered as a 
2!/.-stage vehicle, should have a low-orbit payload of 
about 4 tons. The first Saturn configuration (C-1) 
will have a low-orbit payload of about 10 tons in 
the two-stage configuration and about over 10 tons in 
the three-stage version. The more advanced Saturn 
C-2 using a new second stage powered by the new 
200K engine should have a low-orbit capability of 
over 15 tons as a two-stage vehicle and over 20 
tons in a three-stage version. Low orbital payload 
capabilities of the Nova vehicle cannot now be estimated 
with certainty but with versions conceived at present 
should range between 100 and 200 tons. In addition, 
the Nova vehicle could perform the mission of landing 
men on the moon and returning them to earth without 
recourse to rendezvous or refueling. 

First scheduled launchings of the Centaur and Saturn 
boosters in their two-stage versions, that might later 
be used for manned orbital flights, are 1961 and 1963, 
respectively. When these vehicles will become reliable 
enough for manned flight can only be determined from 
experience. 
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Current Status 


Atmospheric Entry of Manned Vehicles 


It is concluded that there are two types of feasible vehicles for manned entry: 
(1) A blunt dense vehicle with little or no aerodynamic lift and a 


low-temperature ablation-cooling system. 


(2) A radiation-cooled vehicle using a very light drag brake or lifting surface 


lo achieve high-altitude deceleration. 


Carl Gazley, Jr., MIAS, The RAND Corporation 


Tux: RETURN of a manned vehicle from an orbiting 
space station involves problems similar to those in the 
recovery of unmanned satellites. In addition, the 
manned vehicle has definite limits of deceleration and 
requires a more precise and a softer landing. 

The initiation of departure from the space-station 
orbit by the use of gasdynamic forces on a drag brake 
is restricted to rather low-altitude orbits—say below 
about 200 miles. For higher orbits, the attainment of a 
descent path must be by some sort of reaction control. 
The magnitude and direction of this reaction determine 
the descent trajectory and consequently the velocity 
and path angle when the atmosphere is first encoun- 
tered. Because of the need for economy of reaction 
control, as well as human deceleration limitations, the 
initial re-entry velocity is approximately the same as 
the orbital value and the path is rather shallow—only a 
few degrees with respect to the local horizontal. 

The ground range to landing from the point of or- 
bital departure depends not only on the orbital altitude 
and the technique of departure from orbit but also on 
the inclination of the orbit to the equator and the lati- 
tude of descent. The latter influences are due to the 
oblateness and rotation of the earth and its atmosphere; 
these effects are appreciable and cannot be neglected 
for shallow entries. The ground range is also affected 
appreciably by the aerodynamic characteristics of the 
re-entry vehicle. Aerodynamic drag causes the vehicle 
to fall below the vacuum path and consequently 
shortens the range, while a lift force extends the range 
beyond that of the vacuum path. 

The dynamics of a vehicle’s motion during atmos- 
pheric entry depend not only on the initial velocity 
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Dr. Gazley, of the Aero-Astronautics Depart- 
ment, RAND, received his B.S. degree from 
the University of Rochester (1943) and his 
M.Ch.E. (1946) and Ph.D. (chemical engineering, 
1948) from the University of Delaware. He 
was a Research Fellow in Chemical Engineering 
at the University of Delaware and a research 
engineer at NACA Lewis Lab. and the General 
Electric Co. Since 1952 he has been an 
engineer at RAND, specializing in boundary- 
layer phenomena, aerodynamic heating, and 
missile design. In addition to the IAS, he 
holds memberships in the American Chemical 
Society, the American Institute of Chemical 
Engineers, and the ASME. 


and path angle but also on the body’s aerodynamic lift 
and drag characteristics and its mass-area ratio. A 
number of approximate analyses for various types oi 
atmospheric entry have indicated that the velocity 
variation with altitude can be expressed as a function 
of the initial velocity, the initial path angle, the lift-drag 
ratio, the atmospheric density, and the vehicle’s effec- 
tive mass-area ratio m/CpAc. For relatively steep 
entry of nonlifting vehicles and for the shallow entry 
of lifting vehicles having a lift-drag ratio greater than 
unity, analytic approximations are available. For 
the cases of greater interest for manned re-entry—i-,, | 
the shallow entry vehicles having little or no lift—the 
general numerical solutions of Chapman! can be used. 
For a given initial path angle, the maximum decelera- 
tion during entry is independent of the effective mass- 
area ratio; however, the altitude of maximum decelera- 
tion decreases as m/CpAc increases. The maximum 
deceleration may be decreased by increasing the lift: J 
drag ratio or by decreasing the initial entry angle. 
However, humanly tolerable deceleration levels may 
be achieved with little or no lift as long as the initial 
path angle is about 3 deg. or less. 

During the reduction of the vehicle’s velocity in at 
mospheric entry, its kinetic energy is converted into 
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thermal energy in the surrounding air; some of this 
thermal energy is transferred to the vehicle surface. 
The rate at which the vehicle’s kinetic energy is re- 
duced and the fraction of that energy reaching the 
vehicle as heat determine the type of surface-protection 
or cooling system to be used, as well as the weight 
penalty of that system. For a light lifting vehicle 
which decelerates slowly in the upper atmosphere, the 
surface heating rates will be relatively low; however, 
the total heat load (heating rate integrated over the 
time of heating) will be large. Similarly, a heavy 
streamlined vehicle on a steeper path will decelerate 
lower in the atmosphere and suffer relatively high heat- 
ing rates; however, the total heat load will be lower 
because of the shorter time of heating. The maximum 
heating rate and total heat load are shown in Fig. 1 asa 
function of the ballistic coefficient m/CpAc, the initial 
path angle @,, and the aerodynamic lift-drag ratio L/D. 
The heat quantities are shown in terms of unit frontal 
area since on this basis they are relatively independent 
of body shape. 


The vehicle’s structure and interior, particularly the 
manned compartment, must be protected from the 
surface heating during atmospheric entry. There are 
a variety of surface-protection or cooling systems which 
have been considered for this purpose. Generally these 
systems involve (1) the absorption of the incoming heat 
by the surface material through a temperature rise, a 
phase change, or a chemical change; and/or (2) the 
rejection of part of the incoming heat by a mass efflux 
from the surface—i.e., transpiration or ablation—or by 
thermal radiation from the surface. Furthermore, an 
insulation may be necessary to isolate partially the outer 
heated surface from the interior. 


The technique or combination of techniques which is 
chosen for surface protection depends on the magnitude 
and duration of the heating rates and on the design 
limitations. Generally, weight is a prime consideration 
so that the efficiency of the surface-protection tech- 
nique—i.e., heat absorption per unit weight—is very 
important. 


Both ablation and radiation systems have been sug- 
gested for use in manned re-entry vehicles. Require- 
ments for insulation detract from the effectiveness of 
either system. Radiation systems are most suitable 
for vehicles experiencing relatively low heating rates 
corresponding to a shallow entry with deceleration high 
in the atmosphere. In the case of ablation systems, 
it is desirable to minimize the total heat load by means 
of a steeper entry with deceleration lower in the atmos- 
phere. The approximate regions of applicability of 
tadiation and ablation systems are indicated in Fig. 1. 
While the use of a combined radiation-ablation system 
might appear to be an interesting possibility, the in- 
sulation requirements accompanying a high surface 
temperature apparently reduce the effective heat ab- 
Sorption more than it is increased by radiation. For 
the relatively shallow entry of manned vehicles with 
the accompanying relatively long heating times, the use 
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Fig. 1. Maximum heating rate and total heat load during entry into the 
earth's atmosphere. Laminar flow and u; = 26,000 ft./sec. 


of a low-temperature ablation system seems preferable 
to the use of a system with a high ablation temperature. 

For a cooling system, such as ablation, having a given 
effective heat absorption, the relative weight required 
varies inversely with V Cp and Vm!/Ac and increases 
with the time of heating. This is indicated in Fig. 2 for 
an effective heat absorption H = 5,000 B.t.u./Ib. and a 
drag coefficient Cp = 0.5 and for a range of entry angles 
and lift-drag ratios. From the standpoint of cooling- 
system weight, a blunt heavy body on a relatively steep 
entry path is desirable. There appears to be no ad- 
vantage in using aerodynamic lift in the case of an 
ablation-cooled vehicle. 

The alternative to the use of a blunt heavy non- 
lifting vehicle with an ablation-cooling system is the 
use of a very light drag brake or lifting surface, with 
consequent low mass-area ratio, so as to achieve de- 
celeration high in the atmosphere and reduce the aero- 


dynamic heating rates to the point where complete 
(Continued on page 90) 
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Fig. 2. Cooling-system weight requirements for atmospheric entry. 
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Space Station Design Concepts 


Design Criteria and their application to 


Economical Manned Satellites 


By 1965 and no later than 1972, a one-piece manned satellite laboratory will be operating in space. 
It will have orbit selection and control, minimum assembly and checkout in space, 
crew-engineering and life-support systems, power generation and power systems, “‘lifeboat’’ capsule 


and rescue equipment, as well as logistic support. 


H. Hermann Koelle, Erich E. Engler, and John W. Massey 
U.S. Army Ballistic Missile Agency 


= PROBLEMS of manned satellites have been discussed 
in the literature for about 35 years. More serious 
manned satellite studies began to appear in 1946. Re- 
cently, a smaller type of manned orbital laboratory 
based on Atlas-Centaur capabilities has been proposed 
by Krafft Ehricke. This paper discussed a similar 
approach based on capabilities of the Saturn carrier 
vehicle family. 

The development sequence envisioned starts with the 
Mercury capsule, proceeds to an advanced variable 
lift/drag capsule used as a basic orbital return vehicle, 
and from there proceeds to a nonrotating earth-as- 
sembled six- to ten-man laboratory, thence eventually 
to the large space station assembled in space and serv- 
iced by winged re-entry vehicles. This development 
is expected to take place within the next decade. 

The orbital laboratory emphasized in this paper is 
defined as an earth-assembled, nonrotating, one-piece 
satellite with several crew compartments for scientific 
work and living quarters. Laboratories generally are 
nonrecoverable, semipermanent, and fully controllable 
and can be part-time occupied. Return capsule(s) are 
attached to the laboratory, providing an all-time return 
capability. Laboratories are in the weight class of 10 
to 100 tons and manned by three to ten personnel. 

Laboratories can be used for engineering and testing 
of materials, components, and subsystems; research in 
the areas of space medicine, biology, physics, and 
astronomy; commercial applications such as communi- 


24  Aero/Space Engineering + May 1960 


cations, meteorology, and navigation; and military 
applications. 

Design criteria to be considered fall into the following 
categories: 

Orbital Selection and Control—System parameters are 
radiation, altitude of orbit and period, perturbations, 
illumination, viewing area, logistic support, mission 
flexibility, and others. 

General Layout—Items of interest in this category are 
consistency of state of the art and economic feasibility, 
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Fig. 1. Estimated trends of orbital transportation cost (100 per cent reli: 


ability), based on multistage orbital carriers with chemical propellants. 
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crew safety and operational reliability, minimum as- 
sembly and checkout in space, stiff double-wall struc- 
tures, volume adequacy, unique checkout procedures 
and control features for space operations, and others. 

Control Systems—Control systems have to provide 
attitude control; velocity control; spin rate control, if 
applicable; attitude and velocity control of return 
vehicles, etc. 

Crew Engineering and Life-Support Systems—Re- 
quirements are listed as radiation protection for crew, 
crew size, crew rotation, crew comfort, automatic en- 
vironmental control with redundant system, and escape 
and safety requirements. 

Equipment—Standard equipment of manned labo- 
ratories will consist of power generation and power sys- 
tems, communication system with television link, 
nutrition and waste-disposal system, environmental 
control system, and lifeboat-capsule and rescue equip- 
ment. 

Logistic Support—Major items in the logistic support 
of orbital operations are life-essential supplies (approxi- 
mately 500 Ibs., per man per month) with closed-cycle 
system, about 150 to 250 Ibs. per man per month); ma- 
terials, spares, tools, instrument replacements with 
about 100 Ibs. per man per month; control propellant 
supply from a few hundred to a few thousand pounds; 
return propellants of about 3,000 to 4,000 lbs. per month 
with a rotation capability of three men per month; and 
return vehicles with a weight of about 8,000 Ibs. for a 
crew of three. 


Mr. Koelle (left) received his B.S. and M.S. (mechanical engineering) in 
1949 and 1954, respectively, from the Institute of Technology at Stutt- 
gart, Germany. From 1952 to 1954 he was Director of the Astronautical 
Research Institute, Stuttgart. He joined Dr. von Braun's team in 1955 as 
Chief of the Preliminary Design Section and became Chief of the Future 
Projects Design Branch in 1956. Mr. Koelle has written a large number 
of papers in the field of astronautical engineering. He is a member of the 
ARS, BIS, VDI, and WGL and is an honorary member of the German 
Rocket and Space Technology Society which he founded in 1948. 


Mr. Engler (center) received his Bachelor's degree in mechanical and 
electrical engineering (B.S.E.E.) from the colleges at Reichenberg and 
Berlin, Germany. He was a design engineer for 3 years with the German 
General Electric Co. (AEG) and with the company Voigt and Haeffer A.G. 
in the areas of large hydroelectric generators and high-tension circuit 
breakers. Since 1956 he has been employed as an aeronautical research 
engineer by the ABMA and serves presently as Chief of the Component 
Design Unit, Missile Design Section of the Future Projects Design Branch. 


Mr. Massey (right) is a member of the Future Projects Design Branch at 
He received his Bachelor's degree in aeronautical engineering 

from the Alabama Polytechnic Institute in 1954 and graduated from the 
Air Force Institute of Technology in 1955. At the Air Force Armament 
Center, he served as a research and development officer handling airborne 
tocket weapons; in 1958 he joined ABMA as an aeronautical research 
engineer in missile evaluation and subsequently served in the Astronautical 
Engineering Section. 


Fig. 2. 


A typical six-man orbital laboratory will require 
about two flights per month with payload capabilities of 
8,000 Ibs. each, allowing a 2-month stay time per crew. 

A typical orbital system which consists of two six- 
man orbital laboratories in orbits with different inclina- 
tions, and a few instrumented satellites in various 
altitudes, is considered a minimum requirement for the 
time period of 1965 to 1970. The development of this 
laboratory, including the construction of two units, is 
estimated to cost about $390 million. The annual 
support of one laboratory is approximately $120 million 
at a cost of $5 million per flight of a vehicle of the Atlas- 
Centaur type. These costs can be reduced if part-time 
occupancy of the laboratories is satisfactory. 

Orbital transportation costs are a major factor in all 
projects of this type and require special attention. A 
current estimate of the trends in this cost factor for 
chemical carrier vehicles is given in Fig. 1 for the time 
period 1958 to 1972. The lower limit is characteristic 
for small firing rates and the upper limit for higher firing 
rates. 

Fig. 2:shows a typical design of an orbital laboratory 
providing working and living space for a crew of up to 
about ten. The diameter is approximately 20 ft. The 
entire laboratory consists of four sections comprising (1) 
the crew capsule for ascent and return, (2) the primary 
structure with control compartment and living com- 
partment, (3) the power generation set, and (4) the 
propulsion system providing orbital maneuvering capa- 
bility. The latter one is optional and can be, as well, 
a nuclear or nuclear-electric propulsion system for test 


(Continued on page 90) 
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Space Station Design Concepts 


Manned Scientific Orbital Laboratory 


The MSOL, which is intended to function both as a monitored scientific 


laboratory and as a test vehicle, is discussed with reference 


to design considerations, description of the vehicle, and performance. 


M. Stoiko, G. G. Kayten, AFIAS, and J. W. Dorsey, The Martin Company 


I. PROGRESSING from Mercury and Dyna-Soar to the 
advanced space stations and space exploration vehicles 
of the future, we face a formidable research and de- 
velopment task which must be accomplished in logical 
steps. As part of an investigation of problem areas 
associated with “‘second generation’”” manned space 
vehicles, design feasibility studies have been conducted 
on a unit-launched Manned Scientific Orbital Labora- 
tory (MSOL). 

The MSOL is intended to function primarily as a 
monitored scientific laboratory and secondly as a test 
vehicle for developmental work in human factors, 
techniques, materials, and equipment. In the present 
conceptual discussion, emphasis is placed on the final 
form, rather than interim phases, of the projected 
MSOL. This abstract contains a brief discussion of 
the design considerations and an outline description of 
the MSOL vehicle and its performance. 


Design Considerations 


In determining the requirements for a space labora- 
tory, the scientific investigations of interest span the 
fields of astrophysics, geophysics, medicine, human fac- 
tors, and the chemical, physical, and biological sciences. 
Approximately 30 significant areas of investigation 
were considered in this study. Each area affects the 
MSOL vehicle, orbital, and equipment requirements. 
The scientific missions and their relationship to design 
criteria are summarized in Fig. 1. Preliminary design 
of the MSOL was based on integration of the design 
criteria with relevant technical and hardware considera- 
tions, and on the following ground rules: 

(1) An operational target date of 1965 shall be as- 
sumed. 

(2) The vehicle shall be injected into orbit by a 
Saturn-class vehicle, as a fully assembled unit ready 
for immediate operation. 
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(3) An attached escape and re-entry vehicle shall be 
incorporated and shall carry the crew during boost 
flight. 

(4) A “shirt-sleeve’’ crew environment shall be pro- 
vided. 


(5) The crew shall not be required to leave the MSOL 
in normal operation. 


(6) Rendezvous, resupply, and crew rotation shall 


Mr. Stoiko (left) graduated from the Brooklyn Polytechnic Institute in 
1949 with a B.S. in aeronautical engineering. Prior to joining The Martin 
Co. in 1954, he was a missile systems designer with General Electric on 
Project Hermes. He then participated in the Martin Viking firings and 
later was one of the original contributors to the design study of the 
Vanguard satellite. He now heads an advanced space vehicle design 
team. In addition to technical articles, Mr. Stoiko has co-authored three 
books: Spacepower—What It Means to You, Man in the Universe, and 
Rocketry Through the Ages. He is a member of the ARS and a Fellow of the 
British Interplanetary Society. 


Mr. Kayten (center) was graduated from New York University in 1939. 
Before joining Martin in 1955, he was head of the Flying Qualities 
and Flight Test Section in BuAer, Navy Department. From 1940 through 
1946 he was engaged in stability research at the NACA Langley Labora 
tory, and subsequently served for eight years on the NACA Stability and 
Control Subcommittee. At Martin, he was Chief Aerodynamics Engineer 
prior to taking charge of Preliminary Design. He is an Associate Fellow of 
the IAS. 


Mr. Dorsey (right) is currently engaged in Preliminary Design studies ot 
Martin (Baltimore) as senior space vehicle design engineer. He holds © 
B.S. degree in mechanical engineering from the Michigan College of Mining 
and Technology and is a member of the ARS. His professional background 
includes ICBM field testing, as well as propul ) ing experience § 
Since joining Martin in 1956, he has contributed to various advanced 
design missile and space programs. 
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Fig. 2. Manned prototype. 


be effected on a 2-to-4-week cycle, using an advanced 
ICBM booster. 

(7) The vehicle shall have a design orbit life of at 
least 1 year, with a possible 5-year utility. 

Orbit parameters were based on considerations of 
human safety, booster capability, utility lifetime, and 
requirements associated with geophysical and astro- 
physical experimentation. A 400-mile orbital altitude 
with apogee and perigee limits of 450 and 350 miles, and 
an orbital inclination of 80 deg., regressing westerly 1 
deg. per day, were selected. 

A zero-gravity environment, rather than vehicle 
rotation for artificial gravity, was selected on the 
following basis: (1) many of the physical, chemical, 
and biological experiments seek to determine zero- 
gravity effects; (2) most of the geophysical and astro- 
nomical experiments must be conducted from a non- 
rotating platform; (3) short-radius rotation as a human 
comfort factor is questionable; and (4) indications to 
date are that a crew of trained astronauts will not need 
a positive gravity environment for the intended orbital 
duration. 

Time considerations ruled out dependence on closed 
ecological systems for life support. 


Vehicle Description 


As shown in Fig. 2, the MSOL is a double shell, three- 
compartment cylinder with convex end domes. Con- 
nected to the inner wall by thermally insulated clips, 
the outer beryllium shell acts as a meteoroidal bumper 
and a thermal shield. Its thickness is determined from 
studies of the relation between meteoroidal encounter 
frequency and particle mass and the requirement for a 
minimum safe life of one year. It is constructed of a 
series of panels and expansion joints designed to allow 
for an anticipated temperature distribution range of 
+500°F. and —150°F. The outer and inner walls to- 
gether provide the necessary radiation shielding for the 
selected orbital altitude range. The inner wall, of 
5456 aluminum alloy construction, is designed as the 
vehicle load-carrying component and sealed cabin 
pressurized container. 

(Continued on page 92) 
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Space Station Design Concepts 


Some factors influencing the 


Selection of a Manned Space Station Concept 


The consequences of growth potential, flexibility, confidence, and influence of other space programs 
are among the factors discussed in this analysis of the merits of earth-constructed 


and orbit-constructed space stations. 


Joseph H. Doss and Leo J. Montague, Boeing Airplane Company 


is ARE CERTAIN influencing factors that must be 
analyzed before the most desirable space station con- 
cept can be determined. This paper will discuss these 
factors in broad general terms. The specific functions 
of the station are not discussed, thus making the size of 
the station a variable. 

There are two places to build a space station, either 
in orbit or on the earth. The earth-constructed space 
station would be launched into orbit as one complete 
operable station. The orbit-constructed space station 
would be put together in orbit from minor assemblies 
and components. 

Construction in orbit has one distinct advantage. 
The station structure can be optimized for the en- 
vironment in which it is to be used. However, long 
construction time in a hostile and unnatural environ- 
ment makes this method relatively unattractive. A 
third method, which appears to be within the state of 
the art, combines some of the advantages of both. In 
this method, modular packages are constructed on the 
earth. These packages are then assembled in orbit into 
a complete space station. It is our intent to compare 
this method with the complete earth-constructed sta- 
tion. 

The major factors to be considered in selecting a con- 
cept are mission, time, and money. During the plan- 
ning stage, these factors must be considered qualita- 
tively. The effect of flexibility, growth potential, fund- 
ing, confidence, political influences, and other space 
programs are analyzed. (See Table 1.) 

Confidence in accomplishing the program is a difficult 
influence to evaluate and a very important one. Ex- 
perience on similar programs, use of equipment and 
techniques that have been thoroughly tested instill con- 
fidence. But new vehicle environment and interaction 
between individually reliable subsystems may create 
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lower than predicted total system reliability. The real 
test of confidence is actual experience with the total 
system, which means many successive shots or backup 
systems. Perhaps the biggest argument against an 
earth-constructed station of large size is the tremendous 
expense involved in a single firing. Probably no backup 
vehicle will be provided because of the large additional 
cost, and failure may mean loss of the total program. 
Loss of an orbit-assembled module is not catastrophic, 
for additional modules can be provided for backup at 
relatively low cost. 

Taking a look at the United States space programs 
planned for the next ten years, it appears that an engine 
will be developed in the 1!/.-million-lb.-thrust class. 


Mr. Doss (left) received his Mr. Montague (right), currently 
BSME degree from the University assigned to Boeing's Product De- 
of Idaho in 1946 and is Manager velopment Department (System 
of Engineering for Space Re- Analysis Section), was graduated 
search Systems, Boeing Airplane from Washington State College 
Co. Previous duties included de- in 1948 with a BSME degree. He 
sign and development of crew was previously in the Preliminary 
stations in the Preliminary Design Design Department. 
Department. 
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The engine will probably be designed for high-energy 
liquid fuel. It is reasonable to assume that it will be in 
use as a general purpose engine for many propulsion 
applications. To get the full benefit of this engine, a 
reliable recovery system will be developed. 

This engine with appropriate high energy upper 
stages can place the 40,000-lb. module in a 300-mile 
orbit. For larger payloads, in the case of the earth- 
assembled method, it is necessary to have a cluster of 
these engines or develop still higher thrust engines for 
the job. Since the number of larger space stations re- 
quired is small, the cost of development of a specific 
engine for this purpose is uneconomical. Therefore, we 
have elected to use clusters of these engines to launch 
the earth-assembled stations. 

A factor that should be considered is the effect of the 
method of construction on the number of pounds fired 
into orbit. Fig. 1 reflects the weight penalties for 
assembly in orbit as compared with the one big earth- 
assembled station. Such penalties as guidance for each 
module, extra propulsion for orbit matching, and as- 
sembly hardware, indicate that the larger the module, 
the less the penalty. These penalties for orbit assembly 
can be offset somewhat if the boosters are recoverable 
and reusable. 


Assembly and Ground Systems 


Establishing and operating a manned space station 
requires an extensive, well-organized ground support 
program. The magnitude of the task requires use 
of existing organizations wherever possible. Govern- 
mental organizations, both military and civil, and con- 
tractors would necessarily cooperate to make facilities 
available to support this program. 


Reliability Aspects 


The booster systems and the space stations must func- 
tion effectively for long periods of time. Human safety 
demands high reliability, and cost of the system depends 
somewhat upon reliability. 

For the large earth-assembled station, many engines 
are clustered for the booster, which degrades the total 
teliability. Fig. 2 shows predicted overall reliability. 
Spare engines are provided to bring the reliability up to 
an acceptable level; however, the benefit from the spare 
engines is reduced by higher cost and lower per- 
formance. These curves do not reflect the interaction 
between components and the possibility of catastrophic 
failure. 


Economic Evaluation 


Economics is an important yardstick for comparing 
the different means of establishing a manned space 
Station. Five major areas are considered: (1) research 
and development, (2) the number of launches pro- 
grammed, (3) the loss rate of boosters and payloads, 
(4) the cost of boosters, and (5) the ground system costs. 
The comparison of costs for the two methods of as- 


sembly is shown in Fig. 3. Costs are based on establish- 
(Continued on page 94) 


Table 1. Comparison of Major Factors in the Selection of 
the Space Station Concept 
Flexibility Reliability 


Good for orbit-assembled 
station. Size is a function 
of number of shots. May 
use boosters from other 
programs. 
Confidence 

Good for orbit-assembled. 
Backup shots not too expen- 
sive. Experience gained 
through successive shots. 


Earth-assembled—has 
spare engine capability. 
Efficiency of Assembly 
Good for earth-assembled. 
Ground System 
Orbit-assembled—more ef- 
ficient operation. 
Economics 
Orbit-assembled—poten- 
tially least cost. 
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Fig. 3. Comparison of propulsion systems. 
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Space Station Design Concepts 


A Modular Concept 


for a Multimanned Space Station 


Here is a manned, orbiting space station which can expand and adapt to meet our varying needs and 


capabilities. 


The modular approach sets a new theme in spacecraft design. 


Saunders B. Kramer and Richard A. Byers, MIAS, Missiles and Space Division, Lockheed Aircraft Corporation 


cis CONCEPT OF a multimanned satellite here presented 
is based on a conservative extrapolation of the science of 
astronautics over the next 10 years. Assembled from 
modular sections, each of which is a complete vehicle in 
itself, the satellite incorporates reduced problems of 
crew survival and complexity of assembly with pro- 
visions for evolutionary growth at a minimum cost in 
obsolescence. Therefore, tasks beyond those envision- 
able during design and early use of the station can quite 
readily be accommodated. And, further, the comple- 
tion of such a vehicle depends, not upon anticipated 
theoretical breakthroughs, but rather on the results of 
intense engineering studies. Thus, the modular space 
station concept will not impose unreasonable demands 
on its builders with regard to economics or ingenuity, 
although an abundant measure of each will be required 
throughout the program history. 

Modular construction of the space station, by its 
very nature, is intended to relieve human beings en- 
gaged both in its construction and its operation from 
the stresses associated with space-suit environments. 
It is possible that, with an improving technology, the 
day will come when space suits will be very compact, 
self-contained, and wholly reliable pieces of equipment. 
But—and here it must be emphasized most strongly — 
the use of space-suited personnel now in major con- 
struction undertakings in the total space environment 
is viewed as an unacceptable concept. 

The main body of the initial station on orbit (Fig. 1) 
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Mr. Kramer, a Research Scientist with Lockheed 
Aircraft's Missiles and Space Div., received his 
B.S. and M.S. degrees from the Polytechnic 
Institute of Brooklyn. From 1951 to 1953 he 
was a mathematician with his alma mater's 
Aeronautical Engineering Department. He 
then went to Sperry Gyroscope Co. as a math- 
ematician-physicist. He joined Lockheed in 
1955. Mr. Kramer is a Senior Member of the 
American Astronautical Society and a Fellow of 
the British Interplanetary Society. 


Mr. Byers received his B.S. in mechanical en- 
gineering from Bradley University. From 1949 
to 1951 he was a designer with Allis-Chalmers 
Manufacturing Co. Joining Lockheed Aircraft 
in 1951, he was a Design Engineer on the 
XF-104 Starfighter project. In 1955 he 

‘transferred to Lockheed’s Missiles and Space 
Div., where he is now an Advanced Systems 
Engineer. Mr. Byers is a member of the IAS, 
ARS, American Astronautical Society, and 
American Ordnance Association. 


is about 94 ft. wide and 108 ft. long. Because of the 
need for internal pressurizat on, the modules are of two 
basic shapes, spheres and cylinders. Fortunately, 
these shapes are also readily adapted as payloads for 
boosting into orbit. The spheres are 18 ft. in diameter, 
and the cylinders are 10 ft. in diameter and 30 ft. long. 
The initial station is constructed by joining two of the 
cylinders together and adding a sphere at each of the 
exposed ends. 
dumbbell. When three such subassemblies have bee! 


This subassembly then resembles 4} 
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formed, they are placed in the same plane, parallel to 
each other, and joined by connecting the end spheres 
together with other cylinders. This platform then 
constitutes a rectangle with cylinders lengthwise 
through the center. Extensions from the center 
dumbbell form the remainder of the station. To one 
end are attached a short cylinder, a disc-shaped com- 
partment, and the nuclear reactor with its supporting 
structure. To the other end are attached a short cylin- 
der, a disc-shaped compartment, the landing dock, and 
the entry hatch. 

Assembly of the station is completed at 318 statute 
miles, on an orbit inclined 50 deg. to the equator at a 
heading of 40 deg. This keeps the vehicle below the 
inner Van Allen radiation zone by virtue of the altitude, 
and the inclination angle avoids the Winckler radiation 
area centered about the geomagnetic poles. The 
orbital lifetime of the station, which may be defined as 
the time to re-enter at a 5(0-mile altitude, would be 
about 1,450 days, if orbital decay due to drag were not 
offset. Provision, therefore, is incorporated in the 
station design to counteract this phenomenon con- 
tinually. 

The many ramifications of this concept require a 
capability of rendezvous on orbit, both during initial 
assembly and during later supply operations. Such 
rendezvous implies extensive provision for guidance— 
initial, midcourse, and terminal—but entirely commen- 
surate with the state of the art. 

The satellite orbits with its spin axis simultaneously 
fixed in the orbit plane and in a set of inertially fixed 
axes and rotates about its longitudinal axis at a speed 
which simulates one g at its periphery. It thus acts 
like a gyroscope, and tends to remain in this attitude. 
Oscillations resulting from gravitational coupling and 
personnel motion aboard render effects in pitch, roll, 
and yaw smaller than those found on an ocean liner 
like the H.M.S. “Queen Elizabeth” riding in a glassy 
calm sea. Only demands of astronomers will tax the 
stability capabilities of this space station. 

The early version of the station may be expanded to 
provide eventually four times the volume of the basic 
configuration. First, this is done by adding sections in 
the plane which is normal to the plane of the existing 


Fig. 1. 


Fig. 2. 


sections. This procedure approximately doubles the 
useful volume of the station. The next expansion, 
which would again approximately double the volume, is 
accomplished by temporarily removing the entry hatch, 
docks, and laboratory, and then assembling in their 
place sections which are essentially a mirror reflection 
of the existing station. When this is done, the items 
previously removed are again attached to the end cen- 
tral sphere and the station is ready to be spun up again. 

To serve the needs of orbital assembly, renewal of 
supplies, and return of crew and cargo to the earth, two 
service vehicles are conceived. The ‘‘Astrotug’’ re- 
mains on orbit as a space-borne work horse; the ‘‘Astro- 
commuter”’ is a re-entry and ferry vehicle. 

The Astrotug (Fig. 2) is a manned assembly vehicle 
designed to collect the separate compartments from 
their positions on orbit, bring them to the assembly 
point, and join them together to form the assembled 
station. Once placed on orbit, the Astrotug will remain 
there continuously and will never be brought back to 
earth. It will remain with the station, acting as a 
shuttle vehicle for handling other vehicles close to the 
station. It will be refueled and resupplied from the 
ground and from supplies aboard the station as required. 

The Astrotug .concept is very broad and _ flexible. 
The vehicle illustrated is considered typical and repre- 
sentative of a family of such vehicles, which may be 
designed to accommodate one or many men and per- 
form many desired assembly missions. The vehicle 
consists essentially of a throttlable propulsion system for 
maneuvering; a manned capsule, containing life-sup- 
port equipment and enough food and supplies to sustain 
the crew during the assembly period; a set of remotely 
controlled manipulator arms which allow the crew to 
grasp and manipulate the various station compart- 
ments and perform the actual assembly operations 
without having to go outside the vehicle; and the re- 
quired instrumentation to control the vehicle, locate 
the station compartments, and maintain communica- 
tions. 

The personnel carrier for this system must be a 
vehicle capable of transporting a number of men into 
space in a single trip and also safely returning to earth 


at least an equal number. Based on the size of the 
(Continued on page 90) 
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Human Factors 


Selection of Personne! for Manned Space Stations 


Qualifications and abilities which should be considered in the selection of 


manned space station crew members. 


Romney H. Lowry, M.D., Boeing Airplane Company 


Tux: DESIGN, manufacture and operation of a manned, 
orbiting space station is no longer a fantastic dream of 
the distant future. The design of such a vehicle calls 
for critical and detailed analysis of materials and other 
components for strength, weight, durability, etc. 
Engineering systems must be evaluated under varying 
stressful conditions for reliability, ease of maintenance, 
and general performance. 

While referring to the detailed and exacting sciences 
utilized by the engineers in the vehicular design, manu- 
facture, and test, a moment’s reflection will remind us 
that this system is manned; and, as such, the human 
must be evaluated as one of the essential design elements 
in order that he may successfully be utilized and remain 
as an integral part of the man-machine complex. The 
responsible design team must, therefore, include repre- 
sentation from the biological sciences throughout all 
stages of the program. Moreover, the aerospace medi- 
cal group must be prepared to assist in the selection and 
training of the optimum crewmen. We must remem- 
ber that man poses a serious problem; unlike elements 
which have a specific yield point at some given stress, 
the human being is composed of a combination of 
organic and inorganic materials and a mental com- 
ponent which decrees a rather wide variation in the 
ability of the various specimens to take combined 
stresses. 

The duties that a crewman would be expected to 
perform in an orbiting space vehicle would include: 

(1) Reconnaissance duties involving use of radar, 
infrared, visual, and other techniques. 

(2) Duties involving use of navigation and associated 
equipment. 
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(3) Duties involving the monitoring and_ highly 
skilled utilization of instruments for scientific observa- 
tions. 


(4) Duties concerned with communication with earth 
and with other space vehicles. 

(5) Flight duties involved in the proper orientation, 
propulsion, guidance, maintenance of adequate environ- 
ment, etc., in the vehicle. 

(6) Electronic and mechanical maintenance and re- 
pair of equipment as necessary. 

(7) Extra vehicular duties involving station repairs 
or repair of other space ships. 


(8) Maintenance of adequate health, sanitation, 
nutrition, work cycle, rest, relaxation, and sleep. 

(9) Emergency procedures in the vehicle, including 
escape. 

A perusal of this list should indicate to all concerned 
that the crew need not consist of a group of supermen, 
but rather a team of healthy, well-trained men. Such 
a list, moreover, would indicate that the duties involved 
aboard the ship will require a level of specialty training 
and mental ability greater than that which can ade- 
quately be coped with by one man. Man is strongly 
conditioned to a diurnal cycle and his physiological and 
psychological stability is somewhat dependent upon it. 
Consequently, during space operations, an artificial 
day/night cycle, compatible with human and _ plant 
life, must be established if man is to function effectively 
in the space environment. Actual assignment of hours 
is dependent to a large extent on length and type of 
mission and number of personnel manning the vehicle. 
Specific schedules, such as those involving six, eight of 
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twelve hours on duty and similar or various increments 
of these hours off duty, have been carried out in labora- 
tories of the USAF and USN using personnel with various 
backgrounds of training and experience with varying 
levels of success. 

It is difficult to define crew numbers; however, a 
suggested crew for a small manned space vehicle on a 
moderate duration orbit could be as follows: 

(1) There would be a ship commander, schooled in 
engineering and a qualified test pilot. In addition to 
directing the vehicle, he would be thoroughly indoctri- 
nated in advanced electronics, including navigation, 
would be a scientific observer and have leadership 
qualities. 

(2) A second crewman would be the navigator, who 
would also be the deputy ship commander. His pri- 
mary training would be in advanced navigation and 
flight direction with associated training in scientific 
observation and the use of communication equipment. 

(3) The third crewman would be an electronics 
specialist. His primary training would be in electronic 
engineering and communications with associated train- 
ing in the use of radar equipment and the practical as- 
pects of engineering details and repairs. 

(4) The final crewman would be a flight surgeon- 
scientist having basic training as a flight surgeon with 
associated training as a scientific observer and in-flight 
duties. He would also be responsible for the efficient 


‘operation of any biological aspects inherent in the 


vehicular environmental, sanitation, or nutritional sys- 
tems. 


The selection procedure must result, in the final analy- 
sis, in the production of a crew and must satisfy the 
following fundamental criteria: 

(1) Selected personnel must meet acceptable medical 
standards. 

(2) Selected crews must be highly motivated and 
have a recognized leader who will be the ship com- 
mander. 

(3) Selected personnel must be capable of further 
intensive training in their own and related specialities 
associated with the crew duties involved in the pro- 
gram. 

(4) Selected crew personnel must be capable of living 
and functioning under the conditions and environment 
to be provided in the space station. 

The utilization of dynamic physiological: tests and 
stress tests is considered a great step forward in evaluat- 
ing personnel for crew duties and should be augmented 
in future programs. In the selection process, 
medicine must be continually alert to the changing de- 
mands on man’s capabilities in space vehicles, as a re- 
sult of the rapid changes in engineering technology that 
continually appear in more reliability and advanced 
automation in various vehicle systems. Furthermore, 
the aerospace medical team must be alert to the possi- 
bility that actual space operations may form the basis 
of rather extensive modifications in the selection and 
training program. 

The allotted training period should be divided into 


Dr. Lowry holds the degree of A.F.R.Ae.S. from 
the Canadian Institute of Engineering Tech- 
nology; B.A., B.S., and M.D. degrees from the 
University of Toronto; and a Doctor of Public 
Health degree from The Johns Hopkins Uni- 
versity. He holds American Medical Associa- 
tion Board Certification in the specialty of Avia- 
tion Medicine. From 1939 to 1945 he was a 
combat pilot-navigator with the RCAF and has 
maintained flight qualifications on various air- 
craft. Experience includes research with the 
Defense Research Medical Laboratories in 
Canada, Canadian Medical Liaison Officer to 
the USAF and the U.S. Navy in Washington, D.C., and Chief of Medical 
Services for the RCAF Air Materiel Command in Canada. Dr. Lowry is an 
Associate Fellow of the Canadian Aeronautical Institute and a Fellow of 
the American College of Preventive Medicine. He joined Boeing in 1958 
as Chief of the Space Medicine Section, Physics Technology Dept. 


two main phases. The first phase is designed to famil- 
iarize the crewman with the space program and the 
vehicles. It will include maintaining flight performance 
in high performance aircraft; indoctrination in the gen- 
eral plans of the space program; engineering lectures and 
discussions on the vehicular systems; emergency and 
survival aspects applicable to the program; general 
physiological training and lectures in physiology, basic 
and applied sciences, navigation, use of scientific equip- 
ment; routine medical examinations with physical 
conditioning utilizing swimming, squash, running, and 
other sports. Trainers should be utilized to improve 
proficiency in the specific role of the various crewmen. 

Training in the second phase should be carried out 
as a composite crew, provided that the crews can be 
rotated as a unit, and will include specific crew orienta- 
tion with all aspects of the vehicle and its emergency 
systems. Physiological training wearing full pressure 
suits in decompression chambers while exposed to the 
expected environmental parameters of noise, heat, 
vibration, decompression, etc., expected during flight 
should be programmed simultaneously. Experience in 
the zero gravity state should be given in high perform- 
ance aircraft to acquaint the space man with the un- 
natural aspects associated with the lack of gravity. A 
space cabin simulator having a sealed cabin with as- 
sociated ecological systems providing the environment, 
planned space with instrumentation and equipment to 
operate duty stations, should be utilized in this phase 
to test the ability of the specific crews to operate as a 
team for prolonged periods of time in close association 
with each other. Survival training using specific proj- 
ect equipment should be programmed. Medical 
evaluation under the constant supervision of a flight 
surgeon must continue on a clinical basis with continu- 
ing participation in a rigorous and enjoyable physical 
conditioning program. Finally, the evaluation of a 
man’s motivation and leadership qualities will require 
continuous contact with and knowledge of a man’s day- 
by-day abilities and personality. 

An orbiting space station presents a logical step by 
which man will be able to pierce the vastness of space. 
The optimum selection and training of personnel to 
carry out the demanding crew duties is an important 
facet of the project and will take an important role in 
the successful completion of such a program. 
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Human Factors 


‘Operating a space station will be like operating a lighthouse, 


a rather humdrum task.” 


Work and Living Space Requirements 
for manned space stations 


Fred A. Payne, North American Aviation, Inc. 


Wis: ARE the probable standards of comfort and 
convenience necessary to entice crews into Space 
Station Service?’ While just being in space seems of 
great romantic appeal to us now, one must anticipate 
that operating a space station will be like operating a 
lighthouse, a rather humdrum task. The subject prob- 
lem is of an architectural and engineering nature. A 
complete solution requires detailed medical and physio- 
logical data regarding atmosphere composition, diet, 
noise levels, etc., relative to the space environment. 
Another way of putting the question is, ‘How can we 
get people into space after the romance has worn off?” 

Every man has his price. He must be paid by a 
professional interest, a recreational attraction, or by 
money. The relative values vary for each individual 
so that a truly quantitative expression cannot be made. 
It is evident that the preliminary exploration of space 
and extraterrestrial bodies will be of consummate pro- 
fessional interest and there will be no problem of getting 
volunteers to go to the moon. The accommodations 
provided in these ships will be strictly minimum and 
austere. The space station, in contrast, must supply 
other inducements to compensate for the loss of achieve- 
ment furnished the pioneers. 

The first step in designing space station accommoda- 
tions is defining the personnel requirements realistically. 
The mission of the station specifies the equipment, 
which in turn specifies the required skills. For each 
type of duty, some shift scheme must be assigned which 
is consistent with the job demands, so that the total 
number of direct workers may be calculated. Knowing 
the number of direct workers, much general informa- 
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tion exists on the required level of support compatible 
with each level of direct labor. Generally speaking, the 
larger the organization, the more efficient it becomes 
to use specialized talent. 

Just as increasing specialization is necessary and effi- 
cient with respect to personnel as the absolute size 
increases, so also is it desirable for the accommodations. 
A man in a solitary station will live in one room. But 
the average number of ‘‘rooms’’ increases with the 
number of people, as suggested by Fig. 1, even though 
the average cubage decreases. 

The important thing to recognize about this subject 
is that it is deeply connected with the innate nature of 
people. Evolution has produced our species with cer- 
tain basic ‘‘drives’’ which are built into our actions for 
survival reasons. The needs of a community are more 
elaborate than the sum of the needs of isolated indi- 
viduals. Hence the necessity for a sick bay, for exam- 
ple, when the number of people is large enough that the 
aggregate probability of serious illness or accident be- 
comes appreciable. The medical facility is necessary 
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NUMBER OF PEOPLE 
ROOMS { 10 100 1000 
SLEEPING 1 10 100 {000 
EATING { 2 3 
COOKING { { 2 
MEDICAL { { 
RECREATION { 
CLERICAL 
Fig. 1. Living space efficiency. 


in order to induce, say, 100 people into an isolated 
station for any length of time. The same holds true 
for recreation, protocol, and other manifestations of 
community activity. 

While from purely ‘‘human factors engineering”’ data, 
one might conclude that the proper bunk size is 18 in. 
by 24 in. by 78 in., it is obvious that the commander is 
going to have a bigger private space than his officers, 
and so on down the line. The tribal structure cf 
chief /subchief/Indian is necessary to cooperative effort. 
It would be easy for the designer of a space station, 
struggling for every ounce of fuel he can conserve, 
to ignore intangibles such as protocol and produce a 
design which would be unsatisfactory from an archi- 
tectural viewpoint and hence unusable to the operators. 

The above discussion is an attempt to establish the 
principles by which a ‘“‘floor plan” of a space station 
may be constructed. The layout which satisfies the 
needs of the community from a spatial standpoint must 
next be considered from the standpoint of interest. 
The problem is of fighting the monotony and boredom 
which derive from isolation with an unchanging set of 
people. As architects and decorators have long known, 
the human mind demands variety. The decoration of 
living and working areas has been reduced to certain 
formal conventions which have been shown to be 
pleasing but not distracting. Many of the items which 
contribute to the attractiveness of the station will cost 
nothing from a weight or space standpoint, like the 
color of paint. Many will require some penalty. Our 
designer must isolate these factors and plan for them in 
order to produce an economical station. I say economi- 
cal because, if too much skimping is done on the station, 
the consequent reduction in tolerable station time per 
crew member will incur more operating expense than 
was saved initially in the station. 

One fundamental issue of station design is artificial 
gravity. Much attention and work is proceeding to 
discover the reaction of people to zero g and devise 
techniques to allow operations under these conditions. 
Long duration may deteriorate physical condition not 
unlike bedridden debility. But even if this possibility 


does not occur, it is still not assured that a permanent 
station should not have artificial gravity, presumably 


by spin, in order to facilitate operations. In fact, 
reflection on this problem clearly indicates that a large 
station should have artificial gravity of some degree so 
that a vast number of common devices, like toilets, 
can be used in the manner intended, thereby avoiding 
the necessity of new development of virtually every 
item in the inventory. The means for providing spin 
do not appear to be exceptionally complex, and the 
power required is only that made necessary by the 
friction in the seals between spinning and fixed parts. 

Such g levels as are required may be illustrated by a 
vehicle such as that shown in Fig. 2. The salient points 
are as follows: 

(1) Many functions of a station will be expedited by 
having a nonrotating reference. Tracking and com- 
mand communications are examples. This portion of 
the station is conveniently the hub and hence at zero g. 

(2) It is probably desirable to separate the living and 
working areas because of the likelihood of different 
standards of g pressure, regulation, noise level, safety, 
and comfort for the two classes of activities. Outside 
viewing will be made impossible from these areas in 
order to avoid disorientation. 

(3) Since the c.g. of the station will probably move 
around because of internal activity, propellant con- 
sumption, etc., some balancing mechanism will be 
necessary to avoid eccentric motion of the hub. 

In summary, it is concluded that the basic knowledge 
required to design the work and living accommodations 
for space stations is presently available Details of 
diet, atmosphere control, etc., may differ somewhat 
from information used currently for submarines and 
similar closed communities, but verification of the 
estimated limits will derive from current research pro- 
grams, such as the X-15, Mercury, and Dyna-Soar. 
It is believed that the established principles of archi- 
tecture and engineering as applied to similar surface 
applications have a high chance of producing opera- 
tionally satisfactory manned space stations. 


SPACE SUIT ENVIRONMENT 
ARTIFICIAL CONDITION 


DOUBLE WALL CONSTRUCTION 
METEORITE PROTECTION 


& MAINTENANCE AREA 


CONTROL CENTER 
OFF-DUTY QUARTERS 
SHIRT SLEEVE. ENVIRONMENT 
ARTIFICIAL "6" CONDITION 


ENTRY AIRLOCK 


Fig. 2. Space station detail. 
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Human Factors 


“It is possibly a symptom of man’s folly—and indeed 


a measure of the price of his inquisitiveness—that . . . once in space 


he may have to expend great effort again 
to simulate being back on earth.” 


Gravity Problems in Manned Space Stations 


Carl C. Clark and James D. Hardy 


Aviation Medical Acceleration Laboratory, U.S. Naval Air Development Center (Johnsville) 


T. SPIN or not tospin? With the advent of unpowered 
flight above an atmosphere, producing weightlessness 
throughout a nonrotating space vehicle or along the 
axis of rotation of a rotating vehicle, man can explore 
the relative merits and problems of living weightless, 
freed from the series of parallel levels to which he is 
bound by gravitation and freed from the massive con- 
struction required to support static loads, or living with 
an artificial gravity produced by rotation or by other 
means. Conclusions based on these comparisons of 
the mode of life to select in a space station must await 
further human experience in space. Present data 
cannot provide the assurance that important factors, 
particularly among long-duration effects, have not 
been neglected. For systems as complex as man, pre- 
dictions of performance by extrapolations from limited 
experience are hazardous. We emphasize four points: 

(1) Restraint systems both for man and for moveable 
objects will have to be developed for use at zero g. 

(2) In a rotating space station, velocities of linear or 
angular motions of the head may have to be kept to low 
magnitude by using restraints and possibly eye prism 
devices, mirror walls, etc., to reduce the need for head 
motions in order to avoid disorienting illusions and 
nausea. 

(3) Normal growth of the embryo and the young and 
normal repair of adult tissues, such as bone and muscle 
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which are affected in cellular patterns by force dis- 
tributions, may require artificial gravity. 

(4) It may be necessary to develop exercises and 
other procedures to use prior to changes of acceleration 
level to restore or develop tolerance to the new level in 
spite of acclimatization to the old level. 


(The complete paper discusses problems of weightless- 
ness and problems of artificial gravity and furnishes 71 
references. It offers the following conclusions.) 


More human experience at zero g must be available 
before one can conclude whether it is better while in 
space to stay at zero g, or, by rotation, to maintain a 
certain centrifugal acceleration, or to have alternate 
periods at zero g and at higher g. At zero g we are 
particularly concerned, because of lack of information, 
with postural muscle strength decrements, altered re- 
placement and repair of bone, and altered embryogene- 
sis and growth of the young. Although we suspect 
that these phenomena will not produce gross abnormali- 
ties, if by experiment they indeed do, for accelerations 
below a determined amount, then centrifugal accelera- 
tion—or continuous motor acceleration—must be 
maintained for space travel lasting more than perhaps 
one month or involving the injured or the young. In 
any case, exercises while experiencing subgravity are 
advised, with particular emphasis on circulatory 
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mobilization just prior to re-entry if the re-entry in- 
volves more than lg. Rotation also provides a con- 
venient procedure for keeping objects in place; with 
inelastic surfaces with high friction coefficients, 0.1g 
might be adequate for this purpose. 

Rotation of the space vehicle, however, has the dis- 
advantage that head motions may produce disorienta- 
tions (with the vector product of the vehicle and head 
angular velocities above 0.06 rad.?/sec.?) and nausea 
(with the vector product above 0.6 rad.*/sec.”). It is 
emphasized that these numbers are for one subject, 
measured on a centrifuge; similar measurements should 
be made on astronauts, both on the ground and in 
space. For example, it might be suggested that, after 
one or two of the astronauts have orbited and observed 
zero g effects, additional experiments be planned—first 
with the capsule tumbling to observe rotational effects 
near the axis of rotation and then with flights made 
with the booster not separated from the capsule. 
The system could then be put into a tumbling mode 
of rotation to allow further observation of rotation 
effects with low centrifugal acceleration. In the Atlas- 
Mercury system at burnout, the pilot is approximately 
40 ft. from the center of gravity; an angular velocity 
of 0.3 rad./sec. can provide a centrifugal acceleration 
of 0.1g. The required observations call for voluntary 
head motions; the astronaut will have to lift his head 
out of the contour couch to make these motions. It 
must still be determined whether he will peer through 
a microscope at dividing embryos or whether these 
observations will be made remotely from unmanned 
biosatellites (one of which would be a maternity satel- 
lite) which ideally would go up to their orbits with 
accelerations of no more than 1g, or later in manned 
space laboratories. It is, of course, recognized that 
the capsule would be separated from the booster and 
stabilized prior to re-entry. When the Dyna-Soar 
vehicle becomes available, it too might be tumbled 
above the atmosphere, prior to separation from its 
booster, to observe the relative merits of rotation or zero 
gfor later space stations. (See Table 1, pp. 38 and 
39, for a summary of animal and human ascents to 
date.) 

It is possibly a symptom of man’s folly—and indeed 
a measure of the price of his inquisitiveness—that, after 
having expended great effort here on earth to simulate 
being in space, once in space he may have to expend 
great effort again to simulate being back on earth. 
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Table 1. 


Animal and Man Ascents Above 100,000 Ft. 


Date Species or Name Altitude Reference Comments 

June 18, Anesthetized rhesus monkey 37 miles Henry! V-2. Not recovered. 

1948 “Albert” Bushnell? 

June 14, Monkey ‘Albert IT”’ 83 miles Henry! \V-2. Not recovered. 

1949 Monkey, monkey, then mouse Henry! Three other V-2’s were used. No re- 
coveries. 

1949 A total of 14 dogs were involved 100 km. Galkin* Prior to flight, the animals were trained 

in these flights and those of 1957 on a centrifuge. Two dogs in the 
(see below) nose cone cabin. 5g exit, V max, 
1.2 km./sec. Re-entry deceleration 
5g at 270 sec. Parachute opens at 
337 sec. Animals recovered. 
Apr. 18, Anesthetized monkey, monkey, 
1951 and mice Bushnell? Aerobee-1, 0.05g due to tumbling. 
< Sept. 20, Anesthetized monkey, mice 236,000 ft. Henry! Aerobee-2. First successful U.S.A. 
eS 1951 animal recovery. The monkey died 
#4 on the desert after landing, presum- 
ably because of the heat. 
wi. May 21, Two monkeys and mice Henry! Aerobee-38. Animals recovered alive, 
bby 1952 This marked the end of the U.S.A. 
a fe high-altitude rocket animal work 
until 1958. 
1955 Mice, guinea pigs, tissue cultures, Six flights over 100,000 ft., Simons‘ Otto Winzen polyethylene balloons 
Neurospora, barley seeds, other including 124,000 ft. for 0.0015 in. wall thickness. 
seeds, grasshopper eggs, and 12 hours, 120,000 ft. for 7 
other eggs hours, and 114,000 ft. for 
24 hours 
1956 Dog ‘‘Linda’’—flew once 110 km. Bugrov® 5g exit. Nose separation at peak. The 
‘““Malyska’’—flew twice dog in a pressure suit on the right 
“Al’bina’’—flew twice cradle was catapulted from the 
““Kozyavka’’—flew twice rocket nose at 75-90 km., which was 
June 7, “Al’bina”’ and ‘‘Kozyavka”’ flew traveling at 560-730 meters/sec. at 
1956 together; total twelve dogs. 247-250 sec. of flight. After a free 
Six flew twice. fall of 3 sec., the parachute opened 
giving 7g. At 297-300 sec. with 
nose cone velocity of 1.0—1.1 km./see. 
and altitude 39-46 km., the left 
cradle and dog were catapulted at 11 
meters/sec. from the nose cone. At 
3.8 km. its parachute opened, at 38)- 
400 sec. Parachute rate of descent: 
6 meters/sec. 

1956 Frank Everest Not above 100,000 ft. ——........ X-2 rocket aircraft, 1,900 m.p.h., the 
fastest human still alive (as of Feb. 
15, 1960). 

Sept. 7, Iven Kincheloe 126,000 ft.(TheX-2was _......... X-2 rocket aircraft. The highest 

1956 drepped from a B-29. traveling human. Capt. Kincheloe 
This is not recognized as was killed in an airplane crash in 
an official altitude July, 1958. 
record. ) 

Sept., 1956 Milburn Apt Not above 100,000 ft. sis. X-2 rocket aircraft, 2,200 m.p.h., the 
fastest human, crashed and was 
killed. 

1957 Dog “‘Ryzhaya”’ 212 km. Galkin® Exit 6g peak. V max. 1.72 km./sec. 


“Damka”’ 
“Belka”’ 
“Modnitsa”’ 

Total: 14 dogs flown between 
1949 and 1957, some used two or 
three times. Ryzhayaand 
Damka made a flight together. 
Some dogs were anesthetized, 
others not. 


Nose separated at peak. Weight- 
lessness 360-370 sec. Re-entry g for 
35-40 sec., with some early tumbling. 
Nose cone brake parachute opened at 
4 km. after 1g reached on re-entry 
(i.e., at terminal velocity) giving 8% 
peak. Basic parachute opened at 2 
km., gave 4g. Total flight 605-660 
sec. Animals recovered. 
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Table 1 (Continued). 


Animal and Man Ascents Above 100,000 Ft. 


Date Species or Name Altitude Reference Comments 
Aug. 19-20, David Simons 102,000 ft. Simons®: 7 Manhigh-II balloon. More than 24 
1957 hours between 70,000 and 100,000 ft., 
the longest human stay in space. 
Recovered. 
Nov. 3, Dog ‘‘Laika”’ Apogee 1,038 miles Chernov’ Sputnik-2. The fastest vertebrate 
1957 Kousnetzov?® (18,000 m.p.h.) and the longest ver- 
Isakov!® tebrate stay inspace. Alive perhaps 
Hersey! 7 days. Slow rocket tumbling. 
Not recovered. 
Apr. 23, Mouse ‘‘Wickie”’ 1,400 miles van der Wal!2:13) Project MIA (Mouse-in-Able). Thor- 
1958 Able. The highest traveling verte- 
July 9, Mouse “Laska”’ 1,400 miles van der Wal!2.13 brates. Not recovered. 
1958 
July 23, Mouse “Benji” 1,360 miles 
1958 
Aug. 27, Dogs ‘‘Belyanka” and “‘Pestraya” 281 miles Single-stage rocket stabilize to prevent 
1958 rotation. Aerodynamic brakes on 
re-entry. Dog compartment sepa- 
rated for parachute landing. Re- 
covered. 
Dec. 13, Squirrel monkey ‘‘Old Reliable”’ Approx. 300 miles Graybiel!! Jupiter rocket. 0.03g due to tumbling. 
1958 (unanesthetized ) 0.27g after spin-up. Not recovered. 
May 28, Rhesus monkey ‘‘Able’’ and Approx. 300 miles Graybiel!4 Jupiter rocket, 1,500 miles range. 
1959 squirrel monkey ‘‘Baker”’ Recovered. Able died from anes- 
(unanesthetized ) thesia, not from flight effects, on 
June 2. Baker is the fastest (10,000 
m.p.h.) and highest flying vertebrate. 
still alive. 
June 4, Four C-57 Black Mice ~~ ..... Discoverer III® Thor-Able rocket. Telemetry was lost 
1959 at 795 sec., after 500 sec. of weight- 
lessness. The vehicle failed to go 
into orbit. The Discoverer series 
is scheduled through 1960, to include 
rhesus monkeys recovered from orbit. 
July 2, Dogs ‘‘Otvazhnaya” (third flight) ‘Several hundred N.Y. Times, Soviet single-stage rocket, 2,000 = kg. 
1959 and “Snezhinka”’ and a rabbit kilometers” July 7, payload. 
1959 
July 10, Dog “Otvazhnaya”’ (fourth flight) = ..... N.Y. Times, 2,200 = kg. payload. 
1959 and another dog July 14, 
1959 


July, 1959 


Dec. 4, 
1959 


Dec. 6, 
1959 


Dec. 14, 
1959 


V. S. Ilyushin 


Monkey ‘‘Sam,”’ barley seeds, 
Neurospora, flour beetle larva, 
rat nerve cells 


L. E. Flint 


Joe Jordon 


94,658 ft. (Unofficial 
attempts probably went 
to higher altitudes. ) 


55 miles 


98,560 ft. (Unofficial alti- 
tude in some flight was 
probably higher. ) 


103,395 ft. 


Aviation Week, Soviets took the official altitude record 
Aug. 3, 1959 from United States using a T-431 jet 
aircraft, a Sukhoi delta design. 
Aviation Week, ‘‘Little Joe’’ test of the Mercury escape 
Dec. 14, system. 
1959 
F4H jet aircraft. The second highest 
traveling human still alive (as of Feb. 
15, 1960). With this flight, United 
States recaptured the official world 
altitude record for manned aircraft 


flight. 
Aviation Week, F-104C jet aircraft. The highest 
Dec. 21, traveling human still alive (as of 
1959 Feb. 15, 1960). 


Note: The United States with the X-15 rocket aircraft to exceed 100 miles altitude and 4,000 m.p.h., Project Mercury to orbit a man in 
a “drag” re-entry vehicle, and Project Dyna-Soar to almost orbit a man in a “‘lift”’ re-entry vehicle will extend this table. There are 
implications that the U.S.S.R. has similar projects of man-in-space in a drag re-entry vehicle and in a winged suborbital rocket bomber. 
Whatever we call the extension of this table, many people throughout the world regard it as a race. It is, of course, possible that the 
table could be extended by joint efforts. 
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Human Factors 


Atmosphere Control 


Atmosphere control and regulation is of prime importance in a space station 


as is the volume and weight of the equipment to accomplish this necessity. Sealed cabins, 


wherein humans and machinery vie for oxygen, must have a low level of contamination. 


Carey B. Jackson, George R. Roush, Jr., M.D., and Robert M. Bovard 


MSA Research Corp., a subsidiary of Mine Safety Appliances Co. 


Wires MAN is placed in a space station he must be 
assured of an atmosphere containing an adequate 
supply of oxygen and probably some inert diluting gas, 
along with efficient removal of carbon dioxide, trace 
contaminants, and surplus water. This paper will 
describe briefly some approaches to maintenance of the 
proper atmosphere. 


Nonregenerative Systems 


The Mercury atmosphere control system" * utilizes 
high-pressure oxygen in a closed-cycle system with 
lithium hydroxide to remove CO, and charcoal to 
remove contaminants. Full details of this system are 
not available in published literature, but this is the 
first attempt to make a self-contained nonregenerative 
system for space flight. As with all developments, 
improvements are anticipated in weight, volume, and 
reliability. Reliability of this system rests primarily 
on reliability of the high-pressure oxygen supply. 

Concentrated hydrogen peroxide’ will furnish both 
oxygen for breathing and water for drinking. One 
pound of 98 per cent HO, will yield 0.461 Ib. O, and 
0.539 Ib. H,O, liberating 1,214 B.t.u. Based on 2.0 Ibs. 
O,/man day, 5.0 lbs. of 90 per cent HO, would be 
required. The decomposition into oxygen and water is 
readily accomplished in small equipment; hot gases 
produced can be used to heat regenerative absorbers. 
Water can be stored and used for drinking or refrigera- 
tion. 

Considerable work has been done utilizing the 
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Dr. Jackson (left) is Vice-President and Director of Research of MSA 
Research Corp. and holds an M.S. in organic chemistry and a Ph.D. in 
physical chemistry from The Johns Hopkins University. His interests in 
chemical oxygen sources and liquid metals led to the development of a 
self-contained breathing apparatus and the process for the production of 
potassium metal and potassium superoxide. In 1948 he became Director 
of Research for Callery Chemical Co. where he directed the developments 
in boron chemistry and high-energy fuels through 1956. He is the author 
of numerous papers and reports in the fields of liquid metals, boron 
chemistry, catalysts, and breathing apparatus and was Editor-in-Chief of 
the third edition of the Liquid Metals Handbook. 


Dr. Roush (center) is Medical Director of MSA Research Corp. in addition 
to his primary duties as Assistant Professor in the School of Public Health, 
University of Pittsburgh. He obtained his M.D. degree from Washington 
University and studied industrial medicine at the University of Pittsburgh 
and remained there (1953) to study congestive heart failure as a Research 
Fellow for the National Institutes of Health. In 1957 he joined the Univer- 
sity of Pittsburgh as a Research Fellow and was appointed to his present 
position in 1958. He is a member of several scientific organizations and 
has written numerous papers on his medical specialty. 


Mr. Bovard (right) is a Project Engineer in the Engineering Development 
Division of MSA Research Corp. He obtained his M.S. in chemistry from the 
Pennsylvania State University in 1939. He joined MSA in 1941 as a 
chemist in charge of production and investigation of uses for potassium, 
sodium potassium alloys, and their oxides. He completed the develop- 
ment of a useful oxygen candle and contributed to the development of 
manufacturing processes for boron hydrides. He has designed and de- 
veloped several types of breathing apparatus employing chemical oxygen 
sources for use in high-altitude flight and in submarines. Mr. Bovard is o 
member of various scientific societies and is the author of several papers on 
chemical oxygen sources. 
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superoxides of potassium and sodium‘~* for a self- 
contained nonregenerative system which will supply 
oxygen and remove carbon dioxide, odors, and bacteria 
along with certain quantities of water. 

Actually, the course of the reactions occurring in a 
superoxide bed is complex and not completely known. 
Three facts stand out—some HO is necessary for CO, 
to react, hydration ties up some H,O, with proper 
CO,/H,O ratios bicarbonate is formed. If we assume 
two predominating reactions: 


2KO» + CO, (+H:20O) K,CO; + 3/2 O2(+H2O) (1) 
2KO,. + 2 CO, + H,O — 2 KHCO; + 3/2 O, (2) 


we find that, per volume of CO, used, reaction (1) will 
produce more oxygen, and reaction (2) will produce less 
oxygen than that which a man requires. Controlling 
the inlet water concentration will permit matching CO, 
removal and O, production on the basis of 


0.77 KsCO; + 0.46 KHCO; + 3/2 (3) 


This overall equation incorporates 77 per cent of re- 
action (1) and 23 per cent of reaction (2). Hydration 
in the bed is also an important factor. 

Odor removal has long been known, but removal of 
bacteria has just recently been demonstrated. Absorp- 
tion of the mist containing bacteria or the bacteria 
themselves must be possible, considering that contact 
and reaction occurs with H,O and CO: molecules. 
The highly basic environment should have killed the 
bacteria, but no tests have been made to determine 
whether the bacteria live after contact on the chemical 
surfaces. 

A system was supplied to the Air Crew Equipment 
Laboratory of the Naval Air Materiel Center and, in 
one experiment, six men were confined in a sealed cham- 
ber for a period of 8 days, utilizing potassium super- 
oxide. A rotary vane pump was used to circulate the 
environmental gas through a drier canister and then 
through a KO, canister. A water-jacketed condenser 
was used to remove the heat of the pump and chemical 
reactions. Approximately 300 Ibs. of KO, were required 
for the 8-day period. The KO, removed the COz., 
part of the water vapor, and body odors and supplied 
the oxygen. By varying granule size, canister con- 
figuration, and flow patterns through the canisters, 
it was possible to increase the total oxygen released from 
a low of 80 per cent to a high of 95 per cent. Motors 
and various electronic equipment were operated in the 
chamber. 

Fig. 1 is a photograph of a chamber in which man/ 
men will be placed and a KO, system tested to deter- 
mine the optimum flow rate, granule size, ratio of L/D 
of canisters, etc. Simultaneously, a study will be 
made of the need to vary the water content of the 
inlet air to the canister to demonstrate fully and com- 
pletely the fact that the proper combinations of neu- 
tralization of the alkalinity of KO» to both carbonate 


Fig. 1. 


and bicarbonate will match the requirement of a human 
with a respiratory quotient of approximately 0.82. 

It is believed that the weight and volume of a KO, 
system will be less than that of a compressed oxygen 
system and can be made more reliable if water removal 
can be varied as desired with the length of use of the 
canister. 

Fig. 2 is a photograph of a back pack chemical re- 
breathing system under development for use with the 


Navy/NASA full-pressure suit. 
(Continued on page 94) 


Fig. 2. 
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Human Factors 


Design of an Operational Ecological System 


“The Douglas space station is designed to maintain moderate sea-level 
conditions, and an attitude control system will ensure a slable weightless platform. 
A combination of inertial wheels supply low torque, and a set of low-thrust gas 


jets should give adequate attitude control. 
allocated for this system.” 


Eugene B. Konecci and Neal E. Wood 


Two thousand pounds have been 


Missiles and Space Systems Engineering Dept., Douglas Aircraft Company, Inc. 


Gencrar REQUIREMENTS for a manned scientific low- 
orbit (150-400 miles) space station include: 

(1) The station should be designed to operate as a 
stable weightless experiment and training facility for 
30-100 days at a time. 

(2) It is anticipated that the station would be 
launched by a Saturn-type booster with a payload capa- 
bility of 19,000 to 25,000 Ibs. in a 300-mile orbit. 

(3) The space station should be initially manned by 
three to five men, but have a capability of housing up to 
15 men at one time with a minimum of 350 cuit. 
allocated per man. 

(4) The pressure compartment(s) should be capable 
of being operated continuously at 14.7 psi, although 
this pressure could be reduced under emergency or 
special operating situations. The atmosphere should 
be air at 14.7 psi, but the O2 partial pressure should be 
increased with reduced total compartment pressure in 
order to maintain the blood saturation at the 95 per 
cent level. 

Space station ecology involves physical, biological, 
chemical, and situational factors. An ecological sys- 
tem cannot be designed without considering the space 
station as an integrated system. 

The Douglas orbital space station is presented as a 
sample design which satisfies the general operational 
requirements within the present state of the art. The 
station design is based on simplicity and reliability of 
components and on safety features like redundancy and 
back-up systems. The station is completely fabri- 
cated on earth and is launched tolded in a pie-shaped 
wedge. Fig. 1 depicts the opening. During the 
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launch phase the crew is in the escape-return vehicle. 
In orbit the station unfolds and forms a 36-{ft.-dia., 
5,300-cu.ft.-volume, dise-shaped vehicle, without the 
crew's leaving the protected environment inside the 
station. There are three large compartments and a 
central air-lock. The latter is connected to the main 


Dr. Konecci is Chief of the Life Sciences Section 
which includes responsibility for human factors 
and bioastronautics in missiles and space sys- 
tems. His Bachelor's degree was in biology 
and chemistry, and he received his doctorate in 
medical physiology cum laude from the Uni- 
versity of Berne (1950). While at the USAF 
School of Aviation Medicine (1950-1955), he 
was a research scientist in the Departments of 
Space Medicine, Physiology-Biophysics and 
Toxicology Branch, Directorate of Flight 
Safety Research, Office of the Inspector 
General, Hq. USAF, until January, 1957, when 
he joined Douglas Aircraft. He is a member of 
numerous scientific and professional societies and is presently Vice- 
Chairman of the Human Factors and Bio-Astronautics Committee of the 
ARS. Dr. Konecci is the author of the chapter entitled “Manned Space 
Cabin Systems” in Advances in Space Sciences. He has also written 
more than 60 papers in the fields of physiology, radiobiology, flight 
safety, and human factors. 


Mr. Wood received a B.S. in Mechanical Engi- 
neering from Washington State College in 
1956, and in the same year joined the Missile 
and Space Systems Department of Douglas 
Aircraft. Before assuming his present duties, 
he was Project Thermodynamicist for the Spar- 
row missile. Currently, as Group Engineer in 
the Thermodynamics Section, he has been 
responsible for coordination of all internal 
thermodynamic conditioning analysis for both 
missiles and space systems. The studies have 
pertained to manned and unmanned vehicles, 
with emphasis upon the heat balance of both 
man and equipment. 
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compartment, the escape-return capsule, and a hatch 
for extravehicular exploration. The main compart- 
ment has a hatch to mate with the resupply vehicle. 
The Douglas low-orbital space station is shown in Fig. 
2. 


The estimated weight of the complete 5,300-cu.ft.- 
volume low-orbit space station system with a crew of 
five for a 100-day mission is 23,558 lbs. with about 1/3 
of this weight—7,703 lbs.—for the ecological system. 
The same basic station with an initial crew of three for a 
30-day mission would weigh 18,111 Ibs. with about 
1/6—3,356 lbs.—for the ecological system. This sta- 
tion is capable of housing 15 people at a time. The 
additional personnel would be required to bring their 
sustenance material with them in the resupply vehicle. 

Temperature control of a space vehicle is a function 
of the exterior surface finish. One or more materials 
may be utilized to obtain the correct thermal balance 
to maintain uniform temperature distribution through- 
out the vehicle. Radiator panels may be incorporated 
into the structure to allow internally generated heat to 
be transferred from the vehicle. The simple and re- 
liable passive cooling technique is employed to reduce 
power requirements and hazards. Although orienta- 
tion of space vehicles is thermodynamically important, 
the use of dual radiator panels and the utilization of 
materials which exhibit a change in absorptivity and 
emissivity with a variation in temperature will provide 
a solution. 

Atmospheric cooling will be accomplished on an in- 
dividual compartment basis. The air would be cir- 
culated through plastic ducts connected directly to the 


space station structure which forms basically the cool 
40°F. radiator panel. Humidity control is accom- 
plished by condensation of water vapor from air as it 
passes over the cold radiator panel. Cool air exhaust 
from radiator to 50°F. and a relative humidity of 100 
per cent warms to 70°F. and a relative humidity of 
50 per cent in the space station. The water vapor con- 
densed on the radiator panel is blown by the airflow to 
an air-water separator. The radiator panel is covered 
with a material which will not be wetted by water; 
therefore, under the weightless state the water drops 
stand high and are easily moved by the airflow. A 
sharp bend is necessary to utilize momentum effects to 
collect condensed water vapor which may be entrained 
in the air stream. A simple centrifugal separator is 
used in connection with a charcoal filter, and the water 
is collected in a rubber storage tank to give potable 
water. By this process approximately 2.2 lbs. of 
water/man/day are returned to the water system by 
collecting and purifying the respiration and perspiration 
water vapor. 

The environmental control system includes an ultra- 
violet lamp, an electrostatic precipitator (filters out 
dust, smoke, and other particles), the cold radiator 
panel (40°F.), the water separator, a hydrogen flame 
plus catalyst CO. burner (gets rid of hydrogen and 
other organic vapors as well), by-pass ducts, airflow 
control to either the KO, or LiOH beds, a dust filter, 
an activated charcoal bed, and, finally, air mixing ducts. 

LiOH will also absorb water; however, the antici- 
pated water loss is less than 1 lb. per day if the com- 
partment is occupied by five people and the LiOH- 
absorption bed is being used continuously. A manual 
by-pass control can be used during periods of equip- 
ment operation without the presence of man. 

The circulating fan-motor is of heavy-duty con- 
struction for long life and high reliability. Each com- 
partment can be adequately cooled by the radiator 
panel system; however, two additional systems have 
been added for safety purposes and possible increased 
heat loads. Each unit has a capability of cooling the 
heat load from ten people and 1,250 watts. 


(Continued cn page 96) 
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Structures 


METEOROIDS—Implications for the design of space structures 


The nature of the meteoroid environment and the effects of 


meteoroid impacts are discussed here in relation to the design 


of space structures which are not vulnerable to meteoroid encounters. 


Lloyd E. Kaechele and Arnold E. Olshaker, The RAND Corporation 


= TWO DOZEN or so satellites and space probes which 
have been successfully launched thus far have appar- 
ently suffered little damage from collisions with meteor- 
oids. (There was some conjecture that meteoroid dam- 
age caused premature radio failure in two satellites.) 
However, as more and larger bodies are put in space, 
the likelihood of damaging meteoroid encounters will 
increase. The ability to design structures which can 
successfully survive these encounters is seriously 
hampered at present by lack of knowledge in two im- 
portant areas—(1) the nature of the meteoroid environ- 
ment, and (2) the effects of meteoroid impacts. 

Both of these areas will be briefly discussed here with 
the relationships between them and their effect on the 
third problem area, the design of space structures 


The Meteoroid Environment 


The aspects of the meteoroid environment which are 
relevant to the design of space structures are the fre- 
quency, velocity, physical characteristics, and space 
distribution of meteoroids. With this information 
and knowledge of impact effects, penetration rates can 
be established. 

From visual observations of meteors and theoretical 
mass-luminosity relationships, it appears that the rate 
at which meteoroids of a specified mass hit the earth is 
inversely proportional to that mass. However, the 
actual value of the mass associated with a specified rate 
is still undetermined, and estimates differ widely. 
Estimates of the mass of a meteoroid which produces a 
meteor of zero magnitude (about as bright as the bright- 
est star in Orion) vary from a few tenths of a gram,‘ to 
about 1 gram,” to 25 grams.* 

The velocities with which meteoroids collide with the 
earth are in the range of 11 to 72km./sec. or 7 to 45 
miles/sec. These limits imply that meteoroids are 
members of the solar system, although for some time it 
was felt that they came from interstellar space. 
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After receiving Bachelor's and Master's degrees 
in Civil Engineering at Michigan State and 
California Institute of Technology, Mr. Kaechele 
did further graduate work in Engineering 
Mechanics at Stanford University. He has bee: 
with the Structures and Materials Group of the 
Aero-Astronautics Department at RAND for four 
years and has also done some teaching at UCLA 
during this time. 


At present, Mr. Olshaker is completing work on 
his Master's degree in Aeronautical and Astro- 
nautical Engineering at Massachusetts Institute 
of Technology, where he is also a Teaching As- 
sistant. He became interested in the meteor- 
oid problem as a summer consultant to The 
RAND Corporation in 1959. His thesis work, 
continuing this interesi, is an experimental in- 
vestigation of protection against simulated 
meteoroids. 


The physical properties of meteoroids are essentially 
unknown, since they are destroyed in our atmosphere. 
Large metecroids which do reach the earth’s suriace 
(meteorites) are solid stone or iron-nickel masses, but 
these are not thought to be representative of the smaller 
meteoroids. The smaller meteoroids are thought to 
be debris from comets and to have extremely low den- 
sity, of the order of 0.05 gram/cc.* This density is 
about that of new fallen snow. 

The meteoroid distribution in space is less important 
than the other parameters mentioned, although there 
can be some effect on hit rates as a function of the orien- 
tation of a vehicle and of its orbit. Most meteoroids 
seem to have orbits which are nearly in the plane of the 
earth’s orbit, and motion around the sun is, in general, 
in the same direction as the earth and the other planets. 

Meteoroid momentum is probably important in in- 
pact and in satellite measurement. With Whipple's 
mass distribution’ and using a velocity of 40 km./sec., 
hit rate as a function of momentum can be obtained. 
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Some tentative satellite counts agree fairly well with 
this, considering that satellites are counting particles 
about a million times smaller than the smallest observed 
by radio or visual techniques. Satellite observations 
are not yet extensive enough to fully evaluate such 
effects as altitude, meteor showers, orientation, time of 
year, and the effect of the earth’s motion on rates at the 
forward and back side of the earth. 


Impact Effects 


The extremely high velocity of meteoroids makes 
experimental study of their impact effects very difficult, 
and velocities attained in experiments thus far only ap- 
proach the lower limit of meteoroid velocities. How- 
ever, a theoretical study of impact in the meteoroid 
velocity region‘ appears to offer good estimates of 
cratering and penetration effects. At these velocities, 
impact pressures may reach millions of pounds per sq. 
in., so the process is treated as a compressible hydro- 
dynamic flow problem. Numerical solutions for alu- 
minum cylinders impacting on aluminum and iron cyl- 
inders on iron were obtained The results indicate 
that crater depth (or penetration into a thick target) is 
proportional to the projectile diameter and the cube 
root of the impact velocity in the meteoroid velocity 
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Fig. 1. Hit rate vs. crater depth, earth neighborhood, no earth shielding. 
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Fig. 2. Design curve for determining skin thickness required for meteoroid 
protection (aluminum). 


range. These results may be rewritten to relate the 
crater depth to the momentum of the projectile. 

Some experiments have been made in which projec- 
tiles of various densities but with the same momentum 
were impacted on lead targets. These results indi- 
cate that the density effect may be accounted for by 
incorporating the ratio of projectile density to target 
density raised to the 0.3 power in the penetration ex- 
pression. Then for meteoroids with a density of 0.05 
gram/cc., the penetration depth becomes 


p = 0.05 (mv)? (iron) 
= 0.13 (mv)'? (aluminum) 


where # is in inches and momentum in gm.-km./sec. 

With the above expressions for penetration and the 
momentum-hit rate relationships mentioned previously, 
penetration rates can be found as shown in Fig. 1. The 
average number of hits per sq.ft. per day which pene- 
trate p inches or more is shown for aluminum and steel, 
assuming meteoroids of density 0.05 gram/ce. 

Use of shields or ‘‘Whipple meteor bumpers”’ has been 
suggested as a means of reducing penetration. Al- 
though tests at meteoroid velocities are lacking, initial 
test results obtained by one of the authors at M.I.T. 
indicate that with proper shielding, the total thickness 
penetrated may be reduced to about a third of the crater 
depth in an unprotected target. 


ll 


The Design Problem 


The meteoroid environment presents the problem of 
designing the most efficient space structure which can 
survive the expected meteoroid encounters, with con- 
sideration of the other design requirements of space such 
as pressure containment and radiation shielding. 

Since meteoroid encounters do not occur at a uniform 
rate, design must be made on a probability basis. If 
encounters are assumed to be random events which occur 


at some average rate over a period of time, the survival 
(Continued on page 98) 


May 1960 + Aero/Space Engineering 45 


1.0 
: 

q 
2 
10 
| 
q 

4 
Steel 
‘ 

Sing 


Structures 


“While active or composite passive shielding conceivably offers hope of reducing shield weight, 
radiation protection appears to be the major structural design problem for manned space vehicles.” 


The lonizing Radiation in Space— structural Implications 


Norris F. Dow, MIAS, Space Sciences Laboratory, General Electric Company 


ii, implications of space radiation fall into 
two classes. One is concerned with effects produced by 
energetic particles on the structure, the other with 
design of the structure to protect occupants from the 
radiation. While this paper will consider both prob- 
lems, the overwhelmingly greater hazard to occupants 
necessitates that primary emphasis be placed on the 
utilization of the structure as a shield. 


Radiation in Space 


Penetrating radiation which a space vehicle may en- 
counter is of three types—(1) cosmic rays, (2) trapped 
particles in radiation belts about the earth, and (3) 
radiation from solar flares. Cosmic rays in space 
create an unshieldable background level of radiation at 
a dose rate estimated from 60 millirem/week! to 2 
rem/week.? (1 rem = 1 rad. ~ 1 roentgen ~ 100 
ergs/gm. of tissue.) 

The trapped particles in the inner Van Allen belt 
where peak intensities are encountered are primarily 
protons, with energies up to 700 Mev. The maximum 
dose rate produced by these protons is approximately 
0.3 rem/min. for negligible shielding at 2,200 miles 
altitude. 

Solar-flare radiation again may be primarily protons 
having energies of 200 Mev or more. Present data are 
inadequate to define accurately dose rates for an un- 
shielded man in space during a solar flare. Fluxes 
corresponding to 2 rem/hour were measured during the 
May 12, 1959, solar flare.* Around July 10-18, 1959, 
fluxes ten times as great were observed. Ten solar 
flares have been observed since early 1956—an average 
greater than two-per year. 


The work described here was done under the auspices of the 
USAF Ballistic Missile Division, Contract No. AF 04 (647)-269. 
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Radiation Effects 


Structural materials are insensitive to radiation. 
Even at peak Van Allen intensities, metals could exist 
unchanged for years.‘ Reinforced plastics have a 
damage threshold equivalent to 30,000,000 rad.* Even 
the most radiation-sensitive plastics can withstand 
about one tenth of that without serious degradation.‘ 

Human beings are radiation sensitive. Man should 
not receive more than 0.3 rem/week or more than 5 
rem/year.® Clearly the problem for manned _ space 
stations is not that of effects on materials but the pro- 
tection of man. At the rates noted in the previous 
section, without shielding man would receive his per- 
missible weekly dose in slightly over 1 min. either in the 
Van Allen belt at a 2,200-mile altitude, or at any allti- 
tude above 100,000 ft. during a solar flare like that of 
July, 1959. 


lr 
Lc at 2200 mi. altitude 
re (max. intensity in Van Allen belt) 
Dose 
Rate, 
~ Solar fare 
+ 
1 10 100 1000 


Weight of Lead Shielding, psf 


Fig. 1. Minimum weight in lead required to reduce the whole-body 
dose rate for human beings in space to the indicated levels. 
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Shielding Requirements 


With tightly bound electrons and a high atomic num- 
ber, lead is an effective shield for both protons and any 
by-product radiation. A lead-shield design is ac- 
cordingly, if not a least-weight design, one that does 
indicate the order of magnitude of weight required. 

The relationship between lead-shielding weight and 
resultant dose rate is plotted in Fig. 1 for the maximum 
intensity region in the Van Allen belt and for an esti- 
mated solar flare similar to that of May 12, 1959. The 
fact that Fig. 1 does not show appreciable decreases in 
dose rates until shielding weights of 100 psf are ex- 
ceeded indicates not only that extremely heavy weights 
of lead are required but also that lead shielding lighter 
than some 10-20 psf is practically useless. 

Because solar flare radiation appears inevitable for 
vehicles which remain in space for long times, the pro- 
vision of the equivalent of approximately 100 psf of 
lead shielding may be considered a design requirement 
for structures surrounding human occupants. In view 
of this great weight, the remainder of this paper will be 
concerned with possibilities of more effective shielding 
than lead. 


Active Shielding 


If the space vehicle is made as two concentric spheres 
and the inner one is given a positive electrostatic charge 
relative to the outer, all protons which have energies in 
electron volts somewhat less than the charge on the 
sphere in volts will not penetrate the inner sphere. 
Unfortunately, for protons of the energies encountered 
in space, the voltages required are of an order of mag- 
nitude greater than the largest values yet achieved with 
electrostatic generators using heavy, ground-based 
equipment. Hence prospects of achieving such volt- 
ages with reasonable weight are dim. 

As Singer has shown,® the creation of a magnetic 
field about the vehicle, like the earth’s magnetic field, 
to deflect incoming protons also requires high mag- 
netic fluxes and megawatts of power. The possibility 
remains, however, that a more effective magnetic field 
configuration exists, and the search for a suitable con- 
figuration does deserve consideration. 

At present, neither electrostatic nor electromagnetic 
shielding appears to offer promise of being much lighter 
than the equivalent lead shielding. 


Passive Shielding 


Hydrogen atoms are approximately five times as 
effective as lead (on a weight basis) for stopping protons. 
As Fig. 2 shows, this weight advantage exists over the 
entire range of particle energies of interest. Hydrogen 
shielding, then, might be considered as a potential 
lower limit, weighing only one fifth as much as lead. 

Unfortunately in the stopping of protons, by-product 
radiation in the form of gamma rays may be produced 
Which are more penetrating than the protons them- 
selves. Thus, as shown in Fig. 2, 100 psf of shielding 
will reduce the intensity of 1-10 Mev gamma rays by 


Mr. Dow received his B.S. in aeronautical en- 
gineering from M.I.T. (1939) and did graduate 
study at Brown University, the University of 
Virginia, and V.P.I. Before coming to G-E he 
was in the Structures Research Div. of NACA for 
16 years. At present he is in the Space 
Sciences Lab., Missile and Space Vehicle 
Dept. of G-E, as an Engineering Consultant on 
structural systems. He is a member of the IAS, 
ARS, Society for Experimental Stress Analysis, 
and Franklin Institute. 


only 90 per cent, although it can stop 200-500 Mev 
protons completely. 

As shown by Singer,’ not only are by-product gamma 
rays increased as the atomic number of the shield 
material is decreased (as in a change from lead to hy- 
drogen), but also low atomic weight material is less 
effective in shielding the high-energy gamma rays 
produced. Evidently a composite material shield is 
needed to combine the proton-stopping effectiveness 
of hydrogen with the by-product radiation diminution 
of lead. Such a composite is unlikely to achieve more 
than a fraction of the potential weight reduction of 
hydrogen compared to lead. 


Conclusions 


A primary implication of the radiation in space is 
that space-vehicle structures must provide the equiv- 
alent of 100 psf of lead shielding to protect human 
occupants. While active or composite passive shield- 
ing conceivably offers hope of reducing shield weight, 
radiation protection appears to be the major structural 
design problem for manned space vehicles. 
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Fig. 2. Weight of shielding required to stop protons of various kinetic 
energies (from reference 8) and to decrease g ray intensity by 90 
per cent (from reference 9). 
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Inflatable Manned Orbital Vehicles 


“We are concerned here, in the main, with the problem of converting from 


boost configuration to orbit configuration ... . 


J. W. Carter, MIAS, and B. L. Bogema, MIAS, The Martin Company 


ciate STUDIES of manned satellites have mentioned 
the desirability of using inflatable-type structures as 
the space cabin because they permit a denser configura- 
tion for the launch condition. This provides a more 
favorable position of center-of-gravity relative to center- 
of-pressure for the booster-payload combination and 
therefore eases the stability and control problems. It 
can effect savings in weight and complexity, not only 
in the control system itself but in the amount of weight 
required to obtain suitable structural dynamic response 
for the booster-payload combination. 

The densification will also reduce shears and bending 
moments in the payload and booster structures which 
result from high boost-phase accelerations and from 
exposure to wind shears during ascent. These ad- 
vantages must be weighed against certain disadvantages. 
We are concerned here, in the main, with the problem 
of converting from boost configuration to orbit con- 
figuration and with the problems encountered by an 
inflatable vehicle in orbit. 

Fig. 1 shows a possible configuration for such a vehicle 
before and after inflation. Some of the problems in- 
volved in the design of the vehicle are stowage of the 
vehicle and equipment during launch, inflation pro- 
cedure, choice of material for outer skin and its rein- 
forcement, reaction of the material to meteorite pene- 
tration and erosion, temperature control both during 
expansion of inflating gas and during remainder of orbit, 
leakage control, entrance to and from orbiting vehicle 
and escape vehicle, and radiation attenuation. A few 
of these problems are unique to the inflatable vehicle. 

One significant advantage of the configuration shown 
is that joints can be sealed on earth and checked against 
leakage before launching. Also, some joints will be 
formed during the manufacturing process and hence 
will be leaktight. Stowage and inflation of the out- 
side surface then must be accomplished after sealing 
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and without disturbing these seals. Equipment may 
be checked with all circuits connected; no splices need 
be made in the orbiting vehicle until later on when 
the old equipment is replaced and when time may be 
less critical or when new equipment is brought up by 
resupply vehicles. 

Fig. 2 shows the operation of a transparent model 
which was used to study methods of stowing the equip- 
ment and inflatable structure and the action of the 
structure during inflation. It is believed feasible to 
erect the structure and equipment by expanding lique- 
fied gas using solar input as a heat source. Latet 
additions could be made to the station by sending up 
preassembled inflatable packages which could be at 
tached to the original vehicle. 

The reinforced plastics material considered for use 


in the inflatable vehicle shown is made up of plastic 
with a density of approximately 0.065-0.076 Ibs. pet © 
cu.in. together with a reinforcing cable which weighs § 
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approximately 2 Ibs. per 1,000 lineal ft. The 1.5 Ib. per 
sq.ft. composite material gives a total basic shell weight 
of approximately 1,100 Ibs. The conventional struc- 
ture proposed for use in rigid-type space stations 
will probably weigh a minimum of 2 Ibs. per sq.ft. A 
rigid cylinder with the same volume as the inflatable 
sphere and a 13-ft. dia. will therefore weigh at least 
1,300 Ibs. 

The effect of the shorter total length of booster plus 
payload made possible by the inflatable structure con- 
cept on the booster structure was investigated by 
comparison of booster bending moments caused by the 
dynamic response of the system to a step input side load 
such as might be applied by a swiveling nozzle. Table 
1 shows the comparison of these bending moments in 
parameter form for identical boosters and varying pay- 
load lengths and weights. 

Following are the chief advantages and disadvantages 


of the inflatable manned orbital vehicle. 
(Continued on page 99) 


Fig. 1. Inflatable-structure space vehicle: (1) escape and resupply 
Vehicle, (2) airlock, (3) 16-ft.-dia. inflatable sphere, (4) stowable light- 
weight compartmentizer, (5) pressure bulkhead, (6) middle bay, (7) main 
rigging cables-equipment deployment, (8) stowed inflatable sphere, 
9) container section, (10) stowed quipment, (11) booster adapter, 
(12) booster, (13) airlock stowed equipment, (14) retracted airlock hatch. 


Fig. 2. 
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The Role of 


Damping in Space Structures 


“Because of the urgent necessity of accurate dynamic analysis of space 
structures, a new emphasis is placed on knowledge of structural damping.” 


Charles W. Coale, Lockheed Missiles and Space Division 


Tne PROBLEM OF limited information on damping 
effects in structures is becoming more acute as we face 
today’s spacecraft-design requirements. The present 
paper considers the role of damping in pure space struc- 
tures, which are specifically designed for operation out- 
side the atmosphere. These structures will be designed 
for assembly, inflation, or unfolding in space. Any 
consideration of damping must recognize the close re- 
lationship of dynamic response to the damping present 
in the structure. The total dynamic response to ex- 
citation depends on interaction of the mass, stiffness, 
and damping characteristics of the structure. 

Damping of structural motion, in a general sense, 
means attenuation of vibrations and other motions. 
In this sense, the term covers both transmission of 
energy out of and dissipation within the structure. In 
a strict sense, however, damping applies only to energy 
dissipation within or at the boundary of a system. 
True damping within the structure itself is termed 
“structural damping’’ and is divided into two types, 
material damping (internal damping of the structural 
materials) and slip damping (friction damping at joints 
and interfaces in the structure). 


Damping in Space Structures 


A space structure is unique in that it is an almost com- 
pletely isolated system mechanically. For this reason 
it is possible to control dynamic exciting forces rather 
precisely. Such control of input forces serves the same 
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purpose as damping but by prevention of excitation 
rather than by elimination. - Since the system is isolated 
mechanically, no energy transmission out is possible— 
both foundation and aerodynamic damping are absent. 
This leaves only structural damping, the inherent damp- 
ing of the structure, to absorb any energy input. This 
is perhaps not strictly true because there may be an 
internal atmosphere to which energy can be transferred, 
but the damping available in this atmosphere would 
be small. Another form of damping which also should 
be mentioned is the effect of fluids carried aboard the 
spacecraft. These could dissipate energy by turbulence 
if set in motion. 

Design of spacecraft will require increased attention 
to all phases of structural analysis. One of the reasons 
for this is the environmental demand on the structure, 
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including loadings, radiation, and effects of vacuum. 
But, primarily, better analysis will be necessary to in- 
crease structural efficiency to an extremely high degree 
and, at the same time, increase the reliability and du- 
rability of the structure. The extreme cost of placing 
each pound of mass in orbit will place a premium on 
weight far higher than is known at present in aircraft 
and missiles. This will make it profitable and impera- 
tive to carry out much more detailed structural analyses 
and to devote intensive research to developing better 
methods for analysis and collection of usable data. 
In the area of structural dynamics there is much to be 
accomplished. In the past ten years considerable work 
has been done to analyze the response of complex struc- 
tures to steady state or slowly varying transient forces. 
This work has been done primarily by aeroelasticians 
in connection with flutter problems of aircraft. How- 
ever, structural response to impact or shock is still 
largely unpredictable except for simple structures. 
This is due in part to lack of information as to the char- 
acter and magnitude of the various types of damping 
associated with structures and, in particular, structural 
damping. Because of the urgent necessity of accurate 
dynamic analysis of space structures, a new emphasis is 
placed on knowledge of structural damping. 


Damping in Dynamic Analysis 


Present knowledge of structural damping does not 
allow any refined analysis of the damped motions of a 
dynamically excited structure. Two avenues seem to 
be open for improvement of this situation. The first 
and most obvious consists of intensified study of the 
character and magnitude of damping of various kinds 
under more general loadings. This must be accom- 
panied by development of methods of analysis of struc- 
tural motions which allow inclusion of nonlinear damp- 
ing. Although this is a difficult and time-consuming 
task it could be made feasible with the aid of automatic 
computers and new methods of nonlinear analysis. 

A second approach, while not as basic, may be of great 
usefulness and may allow, in some cases at least, a more 
immediate dynamic analysis. This consists of addition 


_ of damping of a known type at selected locations in the 


structure. This damping would have two effects. 
It would increase the damping of the structure and 


_ thereby reduce dynamic response, and it would allow 
» accurate analysis of the dynamic response of the struc- 
_ ture. The inherent damping while still present would 
bemasked out. 


This latter approach can be illustrated by considera- 


_ tion of a simple one-degree-of-freedom system. Purely 

for the sake of illustration, consider that the structural 
» damping can be represented by viscous damping of 
© 0.005 critical. 


_ citation with no damping present at all is infinite at 


The response magnification to sinusoidal 
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Fig. 1. 


resonance (see Fig. 1). With the inherent damping in- 
cluded, the resonant magnification is limited to a value 
of 100, which is still rather high. (Note that an increase 
of this damping to a value of 0.006 brings the resonant 
response down to 80.) If intentional viscous damping 
is added to make the damping ratio 0.05, ten times the 
inherent damping, the resonant magnification is reduced 
to 10. The system is now much less sensitive to the 
amount of damping present. The effect of the inherent 
damping (0.005) is negligible. 

Of course, the situation in a complex structure is not 
nearly so simple as this, but the same principle applies. 
Effects of small, variable, nonlinear damping distributed 
throughout the structure can be masked by quite 
moderate amounts of damping added at selected loca- 
tions in the structure. 


Conclusions 


In summary it can be said that the role of damping in 
space structures will be the same as in more conven- 
tional structures—to attenuate dynamic motions and 
dissipate energy. However, the environment and type 
of structure will make this a radically different problem. 
The state of knowledge of damping is insufficient at 
present to allow accurate dynamic analysis of damped 
structures. Thus, research in the area of structural 
damping is still urgently needed. 
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Thermal Control of Space Vehicles—structural Approach | 


How do design criteria influence the performance 


of a thermal-protection system? 


Peter E. Glaser, Arthur D. Little, Inc. 


Ton THERMAL INPUTS to a space capsule which may 
affect environmental conditions desired by a human 
being are caused during (1) the count-down period, (2) 
the boosted flight phase, (3) the orbital or space flight, 
and (4) re-entry. During these four stages, the thermal 
environment may also be influenced by solar heating, 
radiation to space, internal heat sources, and aerody- 
namic heating. 

A structural approach using an integrated thermal- 
protection system to provide maximum insulating ef- 
fectiveness with the lowest possible weight has the ad- 
vantage that the insulating material and load-carrying 
elements can be designed separately from a number of 
different materials, each performing a specific function, 
and that they then can be combined to form the vehicle 
structure. 

A thermal-protection system using vacuum insulation 
has been developed which offers high insulating ef- 
fectiveness without producing an undesirable weight 
penalty. The reasons for employing vacuum insulation 
are as follows: First, heat conduction through the in- 
sulation is reduced because conduction paths are broken 
up with finely divided materials such as fibers or 
powders; provided the particles do not sinter or agglom- 
erate under external pressures encountered at high 
temperatures, resistances to heat flow are formed at the 
surface of each particle. Second, gas convection and 
gas conduction can be reduced or eliminated through 
the evacuation of the air filling the spaces between the 
particles. Third, radiation heat transfer is attenuated 
by the dispersal of radiation-scattering and -absorbing 
materials within the vacuum insulation. 

The following design criteria influence the perform- 
ance of a thermal-protection system. 
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Gas Pressure 


The effect of gas pressure on thermal conductivity is 
the most useful tool in achieving control over the ther- 
mal environment, and it can be used in the design ofa 
thermal-protection system to meet the widely varying 
thermal-input conditions during the different stages oi 
space-capsule flight. When a gas is allowed to enter or 
leave the powder- or fiber-filled space during periods 
when a change in insulating effective is desired, control 


over the insulation effectiveness of the protection sys 


tem can be accomplished. 
Fig. 1 shows the variations of thermal conductivity 
with pressure for some fibers and powders. The mark- 
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edly different behavior of the powder and the fiber 
points to the diversity of control possibilities that vac- 
uum insulation using suitably designed materials can 
provide. An even wider range of thermal-conductivity 
changes can be achieved through the use of gases such 
as hydrogen or helium; when more moderate changes are 
desired, a gas such as COs, is effective. 


Mechanical Loads 


Mechanical loads resulting from acceleration or aero- 
dynamic loading have to be considered in the choice of 
the insulation filler materials because an increase of 
contact area under load increases heat conduction 
through the solid phase of the protection system. 
Therefore, the shape of the powder or fiber particles, 
their mesh size or fiber diameter, and their particle 
distribution, sintering behavior, and stability at operat- 
ing temperatures have to be designed to withstand the 
applied load. To resist compressive loads, thin steel 
plates have been used in a low-temperature thermal- 
protection system. Fine powders introduced between 
the plates further decrease the heat flow and point the 
direction toward further improvement in insulating 
effectiveness. 


Thermal Expansion 


The thermal expansion of the surface of the thermal- 
protection system is caused by the temperature dif- 
ferential between the capsule’s outside and inside sur- 
faces; it can be compensated for by the choice of suitable 
structural designs and materials. It is desirable that 
each section of the thermal-protection system be as 
large as possible so that heat leakage around the edges 
can be minimized. 


Surface Coating 


The surface of the thermal-protection system can be 
made to provide additional control flexibility through 
the choice of a surface coating that has a certain emis- 
sivity. For high surface temperatures, the emissivity 
of the external surfaces should also be high so that it pro- 
vides benefits from radiation cooling. For low outside 
temperatures, it would be undesirable to have the sur- 
faces radiate to space; therefore, a very low emissivity 
coating would be preferable. 

Suitable combinations of coating materials capable of 
withstanding the limits of the temperature ranges can be 
used to control emissivity and to operate in conjunction 
with a thermal-protection system. 


System-Design Approach 


A typical thermal-protection system for a space 
capsule may consist of adjoining sections. The supply 
of gas to the different sections of the thermal-protection 
system could be handled in a variety of ways: 

(1) Gas could be supplied by cylinders containing 
either liquid or pressurized gas. 

(2) A material could be incorporated in the regular 
filler material which would evolve a gas upon heating. 

(3) Solar radiation in combination with a high- 
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emissivity surface could supply enough heat to increase 
the pressure of a gas in the filler material. 

The choice of a gas would depend upon whether slow 
or rapid cooling or heating of the cabin interior was re- 
quired. If it were known that electrical components 
would give off heat while the capsule surface was re- 
ceiving solar radiation, sections radiating to space could 
be made conducting and those facing the sun could be 
made insulating. If aerodynamic heating was going to 
occur over the major portion of the surface of the cap- 
sule, these surfaces could be made heat-insulating. 

Suitable precautions have to be taken so that at no 
time does the pressure inside the thermal-protection 
system build up to a value large enough to burst the 
thin outer skin. Valves, openings, and filters have to be 
designed so that insulation filler materials will not. 
escape with the system’s outgoing gases. 

One concept of a control system that could control 
environment automatically is shown in Fig. 2. The 
internal temperature-control system of a space vehicle 
could have a number of objectives: 

(1) Maintain a given rate of heat dissipation to the 
outside environment. 

(2) Maintain a physiologically determined comfort 
index for a human occupant. 

(3) Provide desired temperature tolerances for the 
cabin air. 

(4) Maintain desired wall temperature or distribution 


of wall temperatures on the inside surface of the vehicle. 
(Continued on page 99) 
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Fig. 2. Schematic of temperature control system. 
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Power Sources 


A Comparison of 


Nuclear and Solar Power Systems 


for Manned Space Stations 


For orbital missions “‘of one month or more, the use of nuclear or solar energy for the main 


power supply will permit a weight-saving.”’ 


William C. Cooley, MIAS, National Aeronautics and Space Administration 


A LARGE PART of the power required for a manned 
satellite will be for environmental control and for com- 
munications. For a one-man orbital capsule, an 
average total power of 250 to 500 watts with peak power 
of 1,000 to 1,500 watts is acceptable. For a two- to 
five-man orbital laboratory, an average power of a few 
kilowatts and a peak power of 5 to 10 kw. will be ade- 
quate. 

A long-duration manned space station should have a 
main power system to supply the base load, a topping 
unit to meet short-time peak loads, and an emergency 
battery unit. For a large permanent space station, 
stand-by power units will also be desirable. 

For orbital missions lasting up to a few days or weeks, 
the use of chemical energy sources such as hydrogen- 
oxygen fuel cells appears to be desirable. For dura- 
tions of one month or more, the use of nuclear or solar 
energy for the main power supply will permit a weight- 
saving. 

Assuming an average power requirement of 3 kw., one 
nuclear system and five types of solar power systems 
are compared below. The use of radioisotopes is not 
considered practical for a power as high as 3 kw. be- 
cause of nuclear hazards, limited availability, and 
relatively high production costs. 


3-kw. Nuclear Reactor System 


The SNAP II nuclear reactor-turboelectric power 
system, under development by the Atomic Energy 
Commission,! could be used as a main power unit. 
Fig. 1 shows schematically a possible arrangement of 
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Dr. Cooley is Chief of the Advanced Technology 
Program in NASA Headquarters. He received 
a Doctor of Science degree in mechanical 
engineering from Massachusetts institute of 
Technology and was employed inresearch and 
development of liquid rocket engines, nuclear 
reactors, and nuclear flight propulsion systems 
with several companies, including the General 
Electric Co. and North American Aviation, prior 
to joining NASA in 1959. 


components. The reactor and conversion  systeil 
would be extended on a telescoping boom about 51) to 


100 ft. long after boosting into orbit and prior to reactor f 


start-up. A shadow shield is used to provide a conical 
safety zone for protection of the crew. Table 1 gives 
an estimate of the weight of various power system com: 
ponents. 


Table 1. Weight Estimates for SNAP II System 


Reactor, Ibs. 220 
Shadow shield,? Ibs. 1,400 
(7 mrem/hour @ 50 ft.) 
Telescoping boom, Ibs. 100 
Turbogenerator and radiator, lbs. 210 
Total 1,930 Ibs. 
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Examples of 3-kw. Solar Power Systems 


Five types of solar auxiliary power systems are con- 
sidered feasible for development to provide a power 
output of several kilowatts. Four types would use 
solar-concentrating mirrors, with turboelectric, Stirling 
cycle, thermoelectric, or thermionic power conversion. 
The fifth type would use a photovoltaic array of solar 
batteries (silicon cells). Lithium hydride (melting 
point of 1,260°F.) is a desirable thermal energy storage 
material for solar-mechanical or thermoelectric sys- 
tems. Fig. 2 shows a design concept for a 3- to 6-kw. 
solar-turboelectric power supply with thermal energy 
storage which was prepared for inclusion in this paper 
by the Sundstrand Turbo Division. , 

Solar-thermionic, as well as photovoltaic, power 
systems will probably utilize energy storage in batteries 
or in electrolytically regenerated fuel cells. 


Comparison of Power Systems 


Table 2 shows a comparison of data for the solar 
and nuclear power systems. 

Among the important factors which must be con- 
sidered in selecting an auxiliary space power system are 
(1) reliability and endurance capability, (2) vehicle 
and mission compatibility, (3) safety (for nuclear sys- 
tems), and (4) development and production costs. 

For the solar-heated systems, as compared to a 


Table 2. Comparison of Power Systems 


Thermal Solar Estimated 
Cycle Collector System 
Efficiency (%) Diam. (ft.) Weight (Ibs.) 

Reactor-turboelectric 8 shave 1,930 
Solar-turboelectric 10 34 850 
Solar-Stirling engine 30 20 555° 
Solar-thermoelectric 6 43 1,250 
Solar-thermionic 8 37 1,000 to 1,500 
Solar-photovoltaic 8 24 600 to 1,450 

(overall) (equiv. ) 


MATIC DRAWING OF A 3 KW NUC 
TOR POWER SYSTEM (SNAP IL). 


photovoltaic system, the added complexity of the 
power conversion equipment and the requirement for 
more accurate orientation will tend to reduce the reli- 
ability. The requirement for stowing, unfolding, and 
orienting a solar collector, together with the vulner- 
ability to damage of the collector by the launching and 
space environment, may make the solar-heated system 
less reliable than an equivalent nuclear-system using 
similar power conversion equipment. 

A comparison of the various systems with respect to 
vehicle and mission compatibility indicates that: 

(1) The weight and volume of any of the systems 
are compatible with low-altitude satellites boosted by 
a Centaur or Saturn vehicle. 

(2) The sun-orientation requirements of a_ solar 
power system are compatible with requirements for 
vehicle temperature control, although terrestrial or 
astrophysical observations and communications may 
be hindered by the presence of a large solar collector. 

(3) Any special requirements during an orbital mis- 
sion, such as the firing of a rocket to change the orbit, 


would impose additional structural problems for a solar 
(Continued on page 100) 
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Power Sources 


Power systems for manned space operations may best be analyzed 
when the interaction of the various components is taken into account 
and each system considered as an “integrated man-machine-mission complex.” 


Integrated Thermodynamic Systems 


for Manned Space Stations 


Michael G. Del Duca, Andrew D. Babinsky, and Floro D. Miraldi 


Thompson Ramo Wooldridge Inc. 


Reseorch and Engineering Requirements—Tapco Group, Advanced Systems Group 


ial success has been realized in developing 
many types of power systems utilizing chemical, solar, 
and nuclear energy sources. For the provision of 
space electric power alone, fuel cells, thermionic, turbo- 
electric, photovoltaic and thermoelectric conversion 
devices are being developed. However, the specific 
manner in which a particular device should be utilized 
for manned space operations requires further investi- 
gation. 

In manned space operations, the functions requiring 
power are very numerous and diversified in nature. 
Considerable attention must be given to the reliability 
requirements of each function and estimates must be 
made of the manner in which failure of a particular 
component affects the power requirements of another. 

A common power unit may provide power for many 
functions in an optimum manner or it may not, de- 
pending upon the favorability of the interrelationships 
between the numerous functions of the man-machine- 
mission complex. Therefore, of utmost importance in 
the selection of a particular type of space power unit 
for a specific application are the following criteria: 

(1) The nature of the functions requiring power. 

(2) Level and type of the power required for the 
designated function. 

(3) Specific weight of the power device. 

(4) Compactness of the unit. 

(5) Reliability-life. 

As illustrated in Fig. 1, many interrelated subsystems 
must be defined along with the possible functions and 
requirements of each component of any subsystem. 
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For purposes of classification, we may group the 
yarious functions related to power in manned space 
vehicles into the following subsystems: (1) propulsion, 
(2) life sustaining, (3) data and information, (4) com- 
puter and controls, (5) vehicle auxiliary power. 

When the relative role of each subsystem and sub- 
system component is defined, then the magnitude of the 
power required for each subsystem may be determined. 
Also, variations produced in any one component by the 
malfunction or failure of any other may be then con- 
sidered and adequate compensation included. 

Noting these preliminary remarks and utilizing the 
criteria which have been described for selection of 
specific power plants for proposed manned operations, 
an attempt is made to demonstrate the weight ad- 
vantages afforded by integrating the many-powered 
functions of the man-machine-mission complex. 

In order to describe the advantages offered by inte- 
gration of powered functions, a space mission is con- 
sidered in which a nuclear turboelectric power system 
is used and the utility payload W, is optimized. The 
utility payload is defined as that payload which can be 
utilized for experimentation or information gathering 
in a manned space vehicle. This payload may also 
meet structural requirements. 

Since power requirements are translatable to weight, 
we consider the magnitude of an increase in W,, afforded 
by the integration of powered functions of the space 
ecology (three men) and vehicle for a mission requiring 
the establishment of a 24-hour (22,000-mile) station. 
In the case considered, the station is ballistically 


Fig. 1. Man-vehicle-mission complex. 


| | @ = 10 (P = 1000 KW) 
a= 14 (P = 300 KW) 


| 
| 
T 
| 


— 


= 76 (P = 300 KW) 


a= 118 (P= 13.4 KW) 


= 
| 
| 


|_| 


140 


ae | 


| 
100 


MISSION TIME, DAYS 


Fig. 2. Selection factor, m, as a function of mission time for complete space- 
ecologies. 


launched into a 300-mile satellite orbit and subse- 
quently translated to a 24-hour orbit by electric pro- 
pulsion. The requirements of the space ecology may 
be provided by either (1) storage in the vehicle of each 
component required, (2) regeneration of each com- 
ponent, (3) combination of 1 and 2, or (4) integrated 
thermodynamic power systems. 

The effect afforded by the integration of the powered 
functions of the space ecology is demonstrated when 
the selection factor, m, defined as the ratio of the weight 
to provide requirement by storage to that by regenera- 
tion, is determined as a function of mission time. <A 


(Continued on page 104) 
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Power Sources 
ni 
en 
Why use plasma-cell conversion in nuclear reactors? wi 
What has been done about a general direct-conversion design particularly suiled to ouler-space applications? in 
pr 
wi 
be 
en 
ee e of 
Utilization of 
Plasma-Cell Energy Conversion ; 
sma gy ; 
sh 
in nuclear reactors 
re 
be 
is 
William A, Ranken and Thurman G. Frank, Los Alamos Scientific Laboratory gi 
de 
co 
de 
- UTILIZATION of the plasma cell in the direct con- Dr. Ranken did his undergraduate work in 
physics at Yale University, graduating with wl 
version of heat to electricity shows considerable promise high orations in 1949. After a 1-year tour of js 
as a basis for the design of outer space nuclear-electric duty in the U.S. Army Ordnance Department, 

he took employment with the Los Alamos de 
power supplies. This promise stems primarily from Scientific Laboratory in 1950. In 1954 he en- pr 
two properties inherent in this type of conversion rolled at the Rice Institute and in 1958 was 

is awarded a Ph.D. degree in physics. He has ch 

process. The first of these is that thermal energy, and been with the Los Alamos Scientific Laboratory “ 
hence fission energy, can be transformed into electrical since 1958. Dr. Ranken is a member of 
" : : Sigma Xi, Phi Beta Kappa, the American Ord- 

energy without the use of moving parts, thus enabling nance Assn., and the American Physical Society. de 

the construction of power supplies possessing a high i 

degree of reliability. The second promising property Mr. Frank received his B.S. degree in mathe | 
thee lh matics from Midwestern University in 1950 SO 
of the plasma-cell heat-conversion method is its capa- and has done graduate work in mathemais B ny 


bility of high-temperature operation. The cold portion 
of the cell can be operated at temperatures on the order 
of 1,500°K. Since all outer space power supplies have 


and reactor engineering at the University of 
New Mexico. He was employed by the Los to 
Alamos Scientific Laboratory from 1950 until eff 
1956, when he accepted a position with the 


the limitation that waste heat must be dumped by 
radiation, a high-temperature heat sink is a desirable Los Alamos to undertake responsibilities in : 
feature. the Rover Project. He is a member of the ca 
American Nuclear Society. rel 
The basic design of the plasma cell is simple in con- o. 
cept. It consists of a relatively high work-function on 
surface, heated to a temperature at which appreciable ba 
Richardson emission of electrons occurs, and a relatively emitters deliver the Richardson emission current at@) 
low work-function collecting surface. These two sur- voltage (collector negative with respect to emitter) |; 
faces are separated by a distance on the order of a essentially equal to the difference in emitter and colle | 4, 
millimeter and Cs (cesium) vapor is introduced into the tor work functions. we 
intervening gap. Part of the Cs is ionized by the hot For reactor applications, the solid solution UC-2ZrC be 
emitting surface. The positive ions thus produced has been found to be an excellent emitter material. It pa 
neutralize the electron space charge so that the electron has a work function of 3.5 ev (a value which appears 
current received by the collector is no longer space be close to optimum for the plasma cell) and can operate eg 
charge limited. ~ For Cs vapor pressures on the order at temperatures in excess of 2,600°K. However, "Bf o¢ 
of 10-4 to 10-* mm. Hg, the cells with tantalum the design of long-lived reactors, evaporation of ume) 4 
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nium from the solid solution will be a factor limiting the 
emitter temperature that can be used. 

In addition to uranium evaporation, other problems 
which must be confronted in the design of a reactor us- 
ing plasma-cell conversion are the control of Cs vapor 
pressure, the elimination of gaseous fission products 
which escape from the emitter and tend to fill the space 
between emitter and collector, selection of optimum 
emitter-collector separation distance, and the reduction 
of thermal-energy transfer from the emitter to the col- 
lector by radiation. 

The problem of reducing radiant-energy transfer 
(and hence increasing the efficiency of the conversion 
process) can be approached in two ways. Radiation 
shields, designed to block the flow of radiant energy and 
yet permit the passage of electrons, can be placed be- 
tween the emitter and collector. However, such shields 
require that the emitter-collector separation distance 
be larger than is desirable. The alternative approach 
is the utilization of the cavity emitter, a device which 
gives promise of increasing the ratio of electric power 
delivered to radiant energy transferred. 

The feasibility of operating the plasma cell with a 
collector temperature on the order of 1,500°K. has been 
demonstrated in a laboratory experiment. Compari- 
son of the performance of this cell with that of a cell 
wherein the collector temperature was 550°K. showed 
essentially no difference in the maximum output power 
delivered for a given emitter temperature and Cs vapor 
pressure. Fig. 1 shows comparative current voltage 
characteristics for an emitter temperature of 2,540°K. 
and a Cs pressure of 0.5 mm. Hg. 

Although the bulk of the direct-conversion reactor 
development effort at Los Alamos, N.M., is being 
devoted to the development of an MTR-type fuel rod, 
some attention has been given to the general design of 
nuclear-electric energy converters particularly suited 
to outer-space applications. As a part of this latter 
effort, a number of calculations have been made in order 
to obtain a first estimate of the performance of minimum 
weight reactors. The reactor concepts on which the 
calculations are based are assemblies having cores of 
relatively high-density fissionable materials and beryl- 
lium reflectors. The reflector-core separation is on the 
order of a millimeter. Essentially, all of the core sur- 
face can be made available for thermionic emission. 
The only cooling provided consists of thermal radiation 
into space from the outer surface of the reflector. Such 
designs represent attempts to utilize the specific ad- 
vantages of plasma-cell conversion, the high-tempera- 
ture waste-heat dump capability and the lack of moving 
parts (associated with the conversion mechanism). 

Criticality calculations have been made for cores 
consisting of UC-ZrC solid solutions, of pure UC, and 
of pure U. The reactor shapes for which these calcula- 
tions were made were spheres, infinite cylinders, and 
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Fig. 1. Current-voltage characteristics for tantalum emitter cells. 


Note that, although the open-circuit voltage is less for the case of the tan- 
talum collector at 1,500°K., the maximum output power is essentially the 
same for the two collector temperatures. 


infinite planes and the calculations were made without . 
regard for control mechanisms and other structures re- 
quired in the construction and operation of the reactor. 

It is found that the total electric power that can be 
extracted from the systems under consideration is 
limited by the rate at which waste heat can be dumped 
by radiation from the outer surface of the reflector. 
Hence, if the plasma-cell efficiency is taken to be 20 
per cent and the inner surface of the reflector is assumed 
to be 1,500°K., it is possible to calculate the critical 
dimensions which will give the minimum value of the 
ratio of core and reflector weight to electric power out- 
put. Here, the thermal conductivity of Be is assumed 
to be 0.2 cal. cm./em.? sec.°K. and the emissivity of the 
outer reflector surface is taken to be unity. 

Results of the criticality calculations for UCo.3- 
ZrCo.7 revealed the optimum Be reflector thicknesses 
(cm.) to be 6.7 (sphere), 8.0 (cylinder), and 12.2 (plane). 
The inverse specific powers (Ibs./kw.) obtained were 
15.4 (sphere), 17.2 (cylinder), and 19.1 (plane). These 
latter values are not greatly different from values which 
have been estimated to be attainable with rotating 
machinery methods. With a pure U (more dense) core 
the inverse specific power drops to 9.4 Ibs./kw. for the 
spherical geometry. However, the total electric power 
which can be developed from the reactor of spherical 
shape is 7.1 kw. for U core and 25 kw. for the UC».;- 
ZrCo.7 core. For larger power outputs a nonspherical 
shape is required. 
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Power Sources 


A Circulating Dust-Fueled, 


Radiation-Cooled Space Power Reactor 


A new concept for generating electrical power in ouler space—*. . .a circulating dust-fueled system which 
radiates the energy generated in the fissionable dust to a shell of thermionic converters, 


where conversion to electricity takes place.” 


W. R. Corliss, Nuclear Division, The Martin Company 


Riis PAPER deals with what is believed to be a new con- 
cept for generating large quantities of electrical power 
in outer space. The scheme is, in reality, a fusion of 
two well-known concepts, the Armour Dust-Fueled 
Reactor (ADFR) and the radiation-cooled reactor 
allied with a shell of direct conversion elements. The 
resulting synthesis is a circulating dust-fueled system 
which radiates the energy generated in the fissionable 
dust to a shell of thermionic converters, where con- 
version to electricity takes place. 

The concept thus introduced extends the range of 
applicability of radiation-cooled space reactors without 
introducing vulnerability-increasing gases or liquids. 
The true power-producing capabilities of the nuclear 
reactor can be realized only if heat can be removed from 
its central regions in a fashion which is much more effi- 
cient than conduction to the surface and subsequent 
radiation. Also, the special constraints imposed by the 
environment and operating conditions in space can best 
be met through the use of static equipment and the 
rejection of liquids and gases as working fluids and heat 
transfer agents. 

To realize all of these goals, it is suggested that the 
nuclear fuel be in the form of UC: or PuC dust. The 
objective is, of course, to replace the usual heat transfer 
liquids and gases with a flowing solid. A moving 
solid could remove heat from a nuclear core and radiate 
it to direct conversion elements without the introduc- 
tion of leak-prone gases and liquids. 

Moving metallic belts have frequently been suggested 
as heat transfer agents in space, but they inevitably are 
accompanied by unacceptable complexity in moving 
mechanical parts. The use of dust, which may be 
highly charged electrically, offers the possibility of a 
completely static system for pumping and controlling a 
moving, low vapor pressure solid. 

The complete power plant might look like that pic- 
tured in Fig. 1. The dust fuel travels in a racetrack- 
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advanced nuclear systems for propulsion and 


Bachelor's degree in physics from Rensselaer 
in physics from University of Colorado (1953), 
Radio Propagation Laboratory of the US. 


engineer on the aircraft nuclear propulsion pro- 
gram at Pratt & Whitney, and as a space pro- 
pulsion systems specialist for G-E. He is the 
author of Propulsion Systems for Space Flight (1960) and a member of 
ARS, American Nuclear Society, and British Interplanetary Society. 


shaped path, and its flow is controlled electrostatically 
When the dust enters the region which is surrounded by 


a neutron reflector, nuclear fission occurring in the dust 


particles generates heat. Most of the energy created 
is carried out of the reactor region by the dust and is 
radiated to the shell of thermionic converters which 
makes up the walls of the ducts. The radiated heat is 


partially transformed into electricity and the residue | 


re-radiated to space. 
and straightforward. 

The circulating dust scheme offers the following ad- 
vantages in the production of large quantities of elec- 
trical power in outer space (see also Table 1): 


The basic mechanism is simple 


(1) Low meteoroid vulnerability, attributable to the [ 


absence of liquids and gases. 

(2) High potential reliability, due to the absence of 
moving machinery. 

(3) High temperature operation, since fuel tempera- 


tures are not limited by corrosion, stress, or any of the [ 


other afflictions of macroscopic fuel elements. 
(4) Competitive specific masses at high power levels. 
(5) System flexibility—the power of a unit may be 
varied by increasing its length and fuel throughput. 
The dust-fueled space power plant, despite its unique 
approach, offers no promise of indisputable superiority 
over the more conventional power supplies that are 


Mr. Corliss, a design engineer specializing in 


power in space, has been with Martin— [ 
Nuclear since early 1959. He received his | 


Polytechnic Institute (1950), his Master's degree | 
Mr. Corliss has worked as a physicist at the | 


Bureau of Standards, Boulder, Colo., as an | 
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Fig. 1. A circulating dust-fueled, radiation-cooled space power reactor. 


currently being developed for space use. There are 
areas of severe problems as well as several clear-cut 
advantages for this concept however, and the limited 
conceptual design that has been prepared leads to these 
conclusions : 

(1) The dust-fueled plant is restricted to a fairly small 
power range (between 100 KWe and 10 MWe) by high 
specific mass at low power levels and high uranium in- 
ventories at the other end of the power spectrum. 

(2) Power-plant feasibility cannot be proved analyt- 
ically. In particular, dust erosion may make the use 
of this concept very difficult. This factor cannot be 
conclusively evaluated without experiment. 

(3) Significant analytical studies remain to be done, 
particularly in the nuclear physics, heat transfer, dust 
pump, and dust-dynamics areas. 

(4) The state of the art for the dust concept is ex- 
tremely advanced. It might be 1980 before the appro- 
priate techniques become available. 

(5) The high impedances to radiation heat transfer 
through the dust stream make it imperative to induce 
convective currents in the dust. 

(6) The diffusion of dust kinetic energy into the 
radial degree of freedom requires the use of straighten- 
ing sections which dampen out radial velocity com- 
ponents. Still, dust fuel will escape in appreciable 


quantities through meteoroid penetrations, but the mass 


loss is much smaller than in systems employing ordinary 
fluids. 
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Table 1. Summary of a 1 MWe Design 


State of the art, 1980 

Lifetime, 10,000 hours 

Power level, 1 MWe 

Converter efficiency, 10 per cent 

Thermal power, 10 MW 

Total mass, 58,160 Ibs., 26,200 kg. 

Reactor mass, 52,000 Ibs., 23,400 kg. 

Duct mass, 6,160 lbs., 2,800 kg. 

Specific mass, 26.2 kg./kw. 

Duct effective radius, 1 m. 

Duct effective length, 14.2 m. 

Dust velocity, 3.45 m./sec. 

Effective maximum dust temperature, 2,500°K. 
Effective minimum dust temperature, 1,000°K. 
Mass flow, 14.7 kg./m.?-sec. 

Dust average density, 4.26 kg./m.* 

Reactor core radius, 3 ft., 1 m. 

Reactor length, 10 ft., 3.3 m. 

Reactor void fraction, 0.45 

Reactor reflector thickness, 1.5 ft., 0.49 m. 
Temperature coefficient of reactivity, X 10-5Ak/k °K.~ 
Critical mass, 28 kg. U?® 

Pump voltage, 30,600 volts 

Pump current, 9.82 X 10~4 amp. 

Charging time, 0.01 sec. 

Vulnerability, 200 kg.-U?*/10,000 hours 
Dust particle diameter, 10 u 

Dust particle mass, 5.92 X 10~7!? kg. 

Dust particle charge, 1.15 X 107 coulombs 


(7) Electrostatic pumping seems feasible so long as 
the postulated charging mechanism achieves its cal- 
culated performance. 

(8) Control and startup offer no serious problems. 
A temporary carrier gas is proposed for startup and 
periodic purging of settled dust. 
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Power Sources 


The Use of CHEMICAL POWER SYSTEMS 
in the Construction, Servicing, and Operation of 


Manned Space Stations 


A summary discussion of ‘‘a stand-by power system for the space station, and power systems for 
space station support vehicles including space ferries and construction vehicles.” 


H. J. Howard, MIAS, and R. M. Laughlin, MIAS, Vickers Inc. 


= VERY concept of manned space station operation 
presupposes the use of a solar or nuclear power supply 
for normal operation. The duration of operation is the 
important factor in ruling out chemical power systems 
for the primary power supply of the space station. For 
durations in excess of a few hundred hours, the chemical 
power system is not competitive with nuclear or solar 
systems unless special conditions such as a requirement 
for operation during re-entry exists. 

We therefore have limited discussions here to a 
stand-by power system for the space station, and power 
systems for space station support vehicles including 
space ferries and construction vehicles. The space 
ferry in particular, since it is required to re-enter the 
earth’s atmosphere, must rely on a chemical system for 
its power. 


Fue! Comparison 


Desirable characteristics of chemical fuels are high 
energy, ease of handling, storability, and suitability for 
use in some form of reliable energy-converting device. 
Of the characteristics of fuels, the one most subject to 
numerical comparison is specific propellant consump- 
tion. Several common monopropellant and_bipro- 
pellant fuels have been considered and, of these, the 
hydrogen and oxygen combination has the lowest pro- 
pellant consumption. Hydrogen also has excellent 
cooling characteristics. 


Space Ferry Power 


For the ferry vehicles, the maximum power require- 
ment is set by the power required for control during 
re-entry and will fall between 20 and 200 hp. depending 
upon the particular vehicle, with about 50 hp. as the 
most probable requirement. The cruise power require- 
ment for most vehicles will probably lie between 5 and 
20 hp. and the duration will vary from 10 hours up, 


62  Aero/Space Engineering + May 1960 


As Section Chief, Preliminary Design at the 
Torrance facility, Mr. Howard is responsible for 
initiating most of the advanced system and 
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received a M.S. degree in mechanical engineer- 
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is a member of the IAS and the ARS. 


with the upper limit set by the physiological limitations | 
of the crew and the endurance of the various systems f 
aboard the vehicle (of which the power system is one). 
For these requirements hydrogen is the only possible 


choice. 


Orbital vehicles which have power consumption as 
high as the space ferry will have need for equipment 
cooling. Satellites which have been built to date have 
operated at a much lower power level, and their prob- 7 
lem has been greater in temperature balance than il 


cooling. 


Space ferries will require some form of expendable 
coolant. Hydrogen when stored cryogenically has @ 
capacity to absorb 1,640 B.t.u./Ib. at a temperature 0 
60°F. or 2,820 B.t.u./lb. at a temperature of 400°F § 
One pound per hour of hydrogen for cooling is required 


Mr. Laughlin holds a B.S.M.E. from the Uni- 
Since graduation, he hos 
specialized in thermodynamic 
analyses on propulsion systems, obtaining his 
experience at North American 
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Ls directed most of his efforts toward cryogenic 
a cei Mt hydrogen auxiliary power system studies. He 
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per system horsepower in a typical system using a single 
stage of expansion. 

Illustrated in Fig. 1 are the essential components for 
a space ferry hydrogen power and cooling system. 
Hydrogen flowing from the hydrogen tank through a 
series of heat exchangers absorbing heat from the 
equipment and the crew compartment is mixed with 
oxygen in a combustor where a portion of the hydrogen 
is burned to provide the proper inlet temperature for 
the positive displacement engine. The alternator and 
hydraulic pump are coupled directly to the hydrogen 
engine. Engine exhaust gases may dump directly over- 
board or be diverted by a system of valves to provide 
attitude control. At 10-hp. operating level, 1 lb. of 
thrust is available for attitude control or for fine maneu- 
vering of the space ferry. This ability to provide small 
quantities of controlled thrust is an attractive feature 
of this type of power system during terminal maneuver- 
ing as the space ferry approaches the space station. 
Another benefit of the cryogenic system is a simple de- 
vice for removing carbon dioxide and water vapor from 
the crew compartment by using the low temperature 
of the hydrogen to condense and freeze these com- 
pounds. 

Any ‘chemical power system for the space ferry must 
be an @pen-cycle system since a closed cycle would de- 
pend on radiators to reject heat and would therefore be 
out of commission during re-entry. Ingenious systems 
may be devised to utilize cryogenic hydrogen as the 
heat sink of a closed-cycle power system, but they are 
thermodynamically inferior to the straightforward open 
cycle. 

The weight of a 40-hp. hydrogen system using a 
positive displacement engine would be approximately 
233 Ibs.—including Hy and tank, O2 and tank, engine, 
H, pump, combustor, alternator, hydraulic pump, heat 
exchangers, valves, plumbing, and controls. This 
weight is based upon a total output of 55 hp.-hrs. For 
longer missions, the engine would be modified to reduce 
the rate of fuel consumption at the expense of a heavier 
engine. 


Space Station Stand-By Power 


A stand-by power system for the space stations should 
be capable of providing at least 5 hp. for a period in 
excess of 24 hours. A more probable power require- 
ment would be 10 hp. For power requirements and 
durations of the stand-by power system, either a cryo- 
genic hydrogen and oxygen system or a solar system is 
desirable. In the latter, damage to the solar collectors 
by meteorites must be considered. 

The hydrogen power system is capable of providing 
functions other than power, which may be needed in an 
emergency. It is conceivable that the equipment 
cooling system or the cabin environmental control sys- 
tem might be rendered inoperative by the failure of the 
space station’s environmental power system. A hydro- 
gen system can provide many of these essential func- 
tions of the space station during emergency operation. 
These include carbon dioxide and water vapor removal 
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from the cabin air and the cooling of the cabin and 
electronic equipment. It is possible that during certain 
orbital positions of the space station some heating will 
be required in the crew compartment. Since the power 
system exhaust is rich in hydrogen, heating may be pro- 
vided by adding a small quantity of oxygen to the 
exhaust gas in an afterburner. The stand-by power 
system shares a common oxygen tank with the emer- ~ 
gency breathing supply. 

In space stations, special attention must be given 
to the design of the storage tank. The insulation 
weight is no longer insignificant. Studies which have 
been made of propellant storage in large quantities for 
propulsion systems show that the boil-off losses in stor- 
ing thousands of pounds of hydrogen are acceptable. 
For smaller hydrogen quantities required for stand-by 
power systems boil-off is significant. However, this can 
be reduced to acceptable values by using recently de- 
veloped insulation. 

Fig. 2 shows the total weight of propellant and tank 
necessary to supply a desired amount of power after 
any given storage period. If the stand-by power sys- 
tem is required to provide 400 hp.-hrs. after a storage 
time of 3 months, 1.8 Ibs. of propellant and tank weight 
are required for each horsepower-hour. This means 
that 720 lbs. of propellant and tanks would be required 
at the start of the storage period. If the power re- 
quirement remains at 400 hp.-hrs. and storage time is 
extended to 1 year, the initial weight of propellant and 
tanks will be 4.2 Ibs. per hp.-hr. 
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Fig. 2. Propellant and tank weight for stand-by power system. 
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Attitude Sensing and Control 


Comparison of Some Actuation Methods for 
Attitude Control of Space Vehicles 


“Torques can be created on a space vehicle in free flight according to two principal methods” 
—the translational acceleration method and the rotational acceleration method. 
“Both methods can be found in systems using either active or passive actuation.” 


Walter Haeussermann 


Guidance and Control Laboratory, Army Ballistic Missile Agency 


= CONTROL of space vehicles must be pro- 
vided during propelled and retarded flight phases and 
during free-flight or coasting periods. Well-known 
actuation methods as applied to ballistic missiles are 
available for control of a space vehicle during its 
accelerated or decelerated flight phases. New methods 
which can be employed during the acceleration - free- 
flight periods will be briefly described in the following 
paragraphs. 

Torques can be created on a space vehicle in free 
flight according to two principal methods. They shall 
be defined as, first, the translational acceleration 
method and, second, the rotational acceleration method. 
Both methods can be found in systems using either 
active or passive actuation. 

In systems which apply the active-type translational 
acceleration method of actuation, the reaction force from 
mass ejection (similar to rocket propulsion) acts normal 
to a torque arm. The application of these actuation 
systems is limited by the obtainable specific impulse. 

Jet reaction systems based on conventional mechani- 
cal and chemical principles (which obtain a specific 
impulse below 1,000 sec.) can be used only if a low 
total impulse is required, as in the case of short-duration 
flights or when supplementing systems of limited 
angular impulse capacity. 
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Plasma and ion jet actuation methods with their 
high specific impulse are acceptable from the viewpoint 
of mass consumption; however, their torque to electric 
power ratio is prohibitively low as long as power sources 
for space vehicles can only use solar energy conversion 
with an efficiency of 12 per cent or less. 

The active-type rotational acceleration method of ac- 
tuation uses inertial reaction members with one or more 
degrees of freedom for rotation. The best known 
reaction member is the flywheel with torque” motor; 
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Fig. 1. Three-axis flywheel control unit with magnetic susp 


more sophisticated reaction members are based on 
gyroscopic principles. These systems are limited not 
only by the obtainable torque of their torque motors 
but also by the maximum angular impulse storable in 
the flywheel. Therefore the systems have to be sup- 
ported by another actuation method which is able to 
compensate large instantaneous torques and _ one- 
directional perturbation torques of long duration. 

For three-axis control of a space vehicle, three sepa- 
rate single-axis flywheels are usually proposed in 
mutually orthogonal arrangement. A spherical fly- 
wheel, replacing the three single-axis flywheels, is a 
better solution in particular applications. Fig. 1 
shows such a three-axis actuation system with a spheri- 
cal reaction member suspended in a magnetic. bearing, 
with three pairs of mutually orthogonal torquers pro- 
viding the control torques for the space vehicle. 

The energy requirement of the flywheel acceleration 
system completely replaces the ejection mass and fuel 
requirements of the ejection system. System layout 
studies reveal that satisfactory torque levels can be 
obtained and that the weight and power requirements 
can be fulfilled with present-day techniques. Further- 
more it can be shown that the energy requirement 
decreases when the chosen weight of the reaction 
member increases. Thus, for deriving optimum sys- 
tem characteristics, the influence of the flywheel design 
parameters on the data of the control amplifier and 
power supply has to be considered. 

The solar radiation pressure is the only known force 
in space which can be used for actuation systems em- 
ploying the passive-type translational acceleration method. 
Calculations for some space vehicles show that very 
long control periods of at least 30 min. per cycle have 
to be expected because of the small torques obtainable. 
Therefore the actuation through solar radiation pressure 
should be used mainly to compensate an angular im- 
pulse stored in rotational acceleration devices and to 
counteract constant torques produced by solar radia- 
tion pressure itself due to dissymmetry of the space 


vehicle. Direct stabilization by actuation through 
solar radiation pressure is applicable if only modest 
perturbation torques prevail from moving parts of the 
space vehicle. Compensation can be made for almost 
all other perturbation torques because they are of a 
lower magnitude; the only exception can be torques 
due to gravitational density effects, which may be higher 
below certain vehicle altitudes. 

The passive-type rotational acceleration method of 
actuation uses potential fields through which the space 
vehicle travels; the actuation torque is produced by 
means of a responding dipole. The torque vector is 
always directed in such a way that the dipole will be 
aligned with the field gradient. The space vehicle 
can be pointed with any one axis along the gradient of 
the field just by reorienting the dipole in the space 
vehicle; but no actuation is possible to roll control the 
dipole and, hence, the vehicle about the field vector. 
Consequently, either two different potential fields 
have to be used for three-axis actuation or another 
method must supplement the one-field actuation sys- 
tem. 

The gravitational field exerts torques on a satellite 
or on a part of it, if either has the characteristics of a 
gravitational dipole, which in its ideal form—often 
called dumbbell—consists of two equal mass points 
rigidly displaced. The period of a small undamped 
oscillation of such a dumbbell is 1/+/3 of its circular 
orbital period; it becomes longer depending on the 
actual mass distribution of the vehicle. This fact 
indicates the low torque level of the gravitational field 
method. 

The magnetic field of the earth can be used to create 
actuation torques on a magnetic dipole in a satellite. 
This effect yields a comparatively low torque level even 
for low-altitude orbits and a weight-to-torque ratio of 
the actuation system comparable to the corresponding 
figure for actuation through solar radiation pressure. 
Unfortunately, because of the characteristics of the 
earth’s magnetic field, the method is limited in its ap- 
plication to a small family of orbits and satellites. 

The investigation and comparison of the actuation 
methods, which can be applied today and which will be 
applicable in the near future for attitude control of 
space vehicles, reveal that each method has its specific 
advantages with respect to operational lifetime, maxi- 
mum obtainable torque, and total angular - impulse, 
weight, volume and power requirements, and other 
characteristic data of the actuation system. Depend- 
ing on the individual attitude control requirements of 
the space vehicle or the satellite, for which the system 
has to be designed, a particular actuation method must 
be selected which combines most of the necessary and 
desirable features, or several actuation methods might 
even have to be applied which can supplement each 
other for an overall optimum performance. 
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Attitude Sensing and Control 


Attitude Control of a Space Vehicle by a 


Gyroscopic Reference Unit 


‘The gyroscopic instrument described provides a local vertical and orbital plane reference in one unit... 
it is proposed in this paper as the basic attitude sensor for a manned attitude control system.” 


Marvin L. Chatkoff and Lewis G. Lynch, Missile Development Lab., Minneapolis-Honeywell Regulator Company 


- OPERATIONAL REQUIREMENTS of a manned space 
station satellite would most likely dictate functions 
such as orbit correction, communication antennae orien- 
tation to earth, and earth observation, all of which re- 
quire an earth-referenced attitude sensor. The horizon 
scanner is such a sensor but does not inherently provide 
an orbital plane, or yaw reference. 

The gyroscopic instrument described in this paper 
provides a local vertical and orbital plane reference in 
one unit. In addition, a signal proportional to orbital 
rate is available for use in display, telemetry, and the 
pitch rate damping loop of the control system. 

Although the unit may be used independently, it is 
proposed in this paper as the basic attitude sensor for 
a manned attitude control system. 

The function of a gyro reference unit is to indicate 
the deviation of the satellite from areference axis system. 
The orthqgonal reference axes indicated by the proposed 
instrument (Fig. 1) are the local vertical (V axis), the 
normal to the orbital plane (JV axis), and an axis in the 
orbital plane normal to the local vertical (F axis). 

The unit basically consists of two gimballed gyroscope 
rotors (Fig. 1). The spin axis of one rotor B aligns it- 
self with the local vertical (the V axis) and the spin 
axis of the other rotor 4 aligns itself with the normal 
to the orbital plane (the NV axis) analogous to a verti- 
cal gyro and directional gyro used in present-day air- 
craft. Gimbals are provided to isolate the motion of 
the rotors from the satellite. 

The unit as shown by Fig. 1 has an outer gimbal 
which is free to rotate about the N axis (analogous to 
the pitch gimbal in aircraft gyros) and is common to 
both rotors. The vertical rotor has an inner gimbal 
which rotates about the F axis (roll) while the direc- 
tional rotor has arr intermediate gimbal which rotates 
about the F axis and an inner gimbal which rotates 
about the V axis (yaw). 

Since the orientation of the spin axis of a free gyro 
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will remain fixed in inertial space if no torques are ex- 
erted on its gimbals, a means is provided to torque the 
gimbals of the reference unit whenever the rotor spin 
axes are out of alignment with the reference axes. 

In principle, the operation of the directional half of 
the unit is similar to that of a gyro compass. In this 
case, the directional rotor is loosely coupled to the 
local vertical by means of the gravity gradient torque 
acting upon a dumbbell-shaped mass C which is rigidly 
attached to the intermediate gimbal. Assume for the 
moment that the pitch gimbal has been stabilized and 
is rotating in inertial space about N at orbital rate. 
Then, since the gravity gradient torques are small, the 
directional rotor will tend to remain fixed in inertial 
space, and an angular deviation between the spin axis 
of the directional rotor and the WN reference axis will 
cause the inner and intermediate gimbals of this rotor 
to oscillate about their correct positions at orbital fre- 
quency. Damping can be provided by rate damping 
either gimbal. However, in order to avoid coupling 


Fig. 1. Gimbal configuration. 
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satellite motion into the reference unit, damping is 
accomplished in the instrument by feeding the angular 
rate between the intermediate gimbal and the corre- 
sponding gimbal of the vertical rotor to the torquer D 
mounted on the intermediate gimbal axis. The gravity 
gradient torque exerted on the intermediate gimbal in- 
creases the frequency of the gimbal’s oscillation very 
slightly. The predominant function of this torque is 
to prevent the entire system, vehicle and reference unit, 
from slowly drifting away from the vertical about the 
F axis. 

It is apparent that to cause the vertical rotor to stay 
in alignment with the local vertical which is rotating 
at orbital rate, wo, in inertial space a torque must be con- 
tinuously exerted on the inner gimbal of the vertical 
rotor. The magnitude of the torque must average Hay 
where H is the angular momentum of the vertical rotor. 
The rotation of the vertical rotor about the NV axis is 
controlled by an erection switch E shown in Fig. 2. 
The switch consists of a dumbbell-shaped moving ele- 
ment supported at its center of mass. When the moving 
element rotates either way from its center position, it 
closes the switch producing either a positive or negative 
output. The switch is mounted on the outer gimbal 
such that the moving element is free to rotate about the 
N axis. When the outer gimbal deviates from its cor- 
rect horizontal position, the gravity gradient torque 
acting on the dumbbell element in the switch will cause 
the switch to close. 

The switch output is fed to a torquer Fmounted on the 
inner gimbal of the vertical rotor. The output of this 
torquer causes the spin axis to precess about the N axis 
back to vertical. In order to reduce the frequency of 
the limit cycle of the switch and eliminate a lag in the 
position of the outer gimbal, the output of the switch 
is also integrated and fed to the torquer. The inte- 
grated output of the switch provides the constant Hw» 
torque necessary to precess the vertical rotor at orbital 
tate. This output is also proportional to w, with a fixed 
H. The inner gimbal of the vertical rotor maintains its 
correct orientation by being loosely slaved to the inter- 
mediate gimbal of the directional rotor. This is accom- 


plished by feeding the angular difference between the 
two gimbals to a low gain outer gimbal torquer G. 
The slaving loop is kept loose so the inner gimbal of the 
vertical rotor will follow only the average position of the 
intermediate gimbal of the directional rotor. Since 
the average position of the latter gimbal will normally 
be zero, the spin axis of the vertical rotor will be aligned 
with the local vertical, and a pickoff mounted on its 
inner gimbal may be used to indicate satellite rotation 
about the F axis. 

The desirable features combined are the inherent 
space stability of a gyroscope and the vertical seeking 
but undamped characteristic of a dumbbell-shaped mass 
in a gravitational field. Neither of these devices is 
theoretically sensitive to applied acceleration; thus 
the instrument has application during powered as well 
as orbital flight. 

The accuracy of the unit in indicating the local ver- 
tical is slightly reduced by orbit eccentricity or preces- 
sion of the orbital plane because of the inherent sta- 
bility of the instrument. To reduce this effect to a 
minimum, a consideration of the specific requirements 
of the mission will allow a trade-off of stability and 
accuracy within the instrument. 

The accuracy is, of course, also affected by the pre- 
cision with which it is mechanized. Gimbal friction 
and torquer nulls would be the most sensitive areas. 
This paper is intended not as a discussion of the 
problems of mechanization but as a description of the 
principles which the authors believe will result in an in- 
strument of use in the field of satellite and space station 
attitude control. 


OUTPUT 


Fig. 2. Erection switch. 
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Attitude Sensing and Control 


Attitude and Flight Path Control System for a 
space station supply vehicle 


“The vehicle chosen, the Space Ferry, is a general-ulility manned spacecraft, 

landable and reusable, and intended for routine operations to orbits 

in close vicinity of Earth... .The paper is primarily concerned with the functional design 
of two control systems—one for flight in space, the other for flight in the atmosphere.” 


J. Stalony-Dobrzanski, MIAS, and O, Imai, Hughes Aircraft Company 


- BUILDING and operation of a space station, partic- 
ularly a manned space station, will require the services 
of a supply vehicle. The mission of such a vehicle 
imposes difficult and varied control tasks to be per- 
formed by the guidance and control systems. 

The proposed technique of orbital rendezvous at- 
tempts to make optimum use in the overall system 
design of the automatic devices and the pilot. This 
approach should result in a simpler and more reliable 
overall system than a completely automatic system. 
The boost to the orbit is performed under automatic 
control. The next phase begins with separation errors 
of the order of tens of miles. The necessary corrections 
are computed and displayed to the pilot by the navi- 
gation system. The pilot executes the transfer ma- 
neuver which will bring the vehicle to within a few 
hundred feet of the station. The final approach to the 
station is performed on visual observation with the aid 
of a manual control system specially designed for this 
purpose. 

The re-entry into the atmosphere from space poses 
the most difficult problems in the overall design of an 
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operational, reusable spacecraft. The very high tem- 
peratures of the structure are strongly affected by the 
re-entry flight path, and the flight path in turn is deter- 
mined by the flight control system. In this situation 
the role of the flight control system becomes much more 
important than its traditional role of improving hat- 
dling qualities of high-performance aircraft; its per 
formance directly affects structural integrity of the crait. 

The objective of this study is to go beyond generalized 
feasibility considerations and obtain an appreciation 
of real problems of control system design for a space 
vehicle, then, through finding specific engineering 
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solutions to those problems, ascertain the feasibility 
of the entire program. This approach required a 
specific vehicle. The vehicle chosen, the Space Ferry, 
is a general-utility manned spacecraft, landable and 
reusable, and intended for routine operations to orbits 
in close vicinity of Earth, not exceeding 500 nautical 
miles. It has an arrowhead planform with 75° sweep 
on the leading edge and unity L/D at re-entry. The 
vehicle has large payload capability. Typically it can 
deliver 15,000 Ibs. of payload to a 300 nautical mile 
orbit or transport three passengers equipped to work in 
space. The vehicle is boosted by a three-stage booster, 
with Saturn as the first stage. A vehicle of this type, 
equipped to perform orbital rendezvous, could accom- 
plish any near-space manned missions so far proposed. 

The paper is primarily concerned with the functional 
design of two control systems—one for flight in space, 
the other for flight in the atmosphere. 


Flight Control System for Space Flight 


The objectives of this system are (1) to provide 
automatic attitude control in space where there are no 
significant aerodynamic forces, and (2) to provide the 
pilot with a convenient means of attitude and trans- 
lation control, particularly in the critical final phase of 
rendezvous with an orbiting satellite. 

For translational control in the void of space, it is 
clear that some sort of thrust source is necessary. For 
attitude control, moments can be applied to the vehicle 
either by properly located thrust units or by inertia 
wheels operating on the principle of exchange of angular 
momentum between the wheel and the vehicle. 

In the design of this system the primary considera- 
tion was the ease and accuracy of manual control. To 
obtain automatic attitude control, the jet thrust units 
must be controlled by some measure of the attitude 
error signals—i.e., attitude feedback must be employed. 
This immediately gives rise to a double integration 
within the loop, a situation not conducive to satisfactory 
stable design. Consequently, a lead network must be 
employed on the attitude error signal. Rather than 
using passive network for this, however, it is advan- 
tageous to employ direct rate feedback so that the 
primary controls are controlled by both attitude error 
and rate. The advantage gained by this scheme is 
that it not only provides damping for stability but at 
the same time provides also an excellent tie-in point 
for manual pilot control of attitude. The input from 
pilot’s control stick is summed with angular rate gyro, 
and so the stick deflection is proportional to vehicle 
angular rate. The loop t me constant is chosen to make 
the dynamic response of the craft suitable for manual 
control, and thus the control feel is very similar to that 
of an airplane. The scheme has added advantage of 


minimizing fuel consumption automatically since, once 
the desired rate of turn is reached, no more fuel is con- 
sumed regardless of the length of maneuver. 

The translational control is designed in similar man- 
her, summing stick deflection with a feedback from an 
integrating accelerometer. Commanded linear velocity 


is proportional to stick position. Final approach to 
the space station on visual observation with this 
control system should be as easy as tying a boat to a 
dock. The pilot is provided with two sticks—one 
for control of attitude, the other for control of transla- 
tional velocity. The attitude control stick is also 
used later on, during atmosphere flight, for control of 
aerodynamic surfaces. 

The primary controls are twelve fixed reaction jets, 
with proportional thrust control, suitably mounted to 


provide three-axes attitude control. Translational 
(Continued on page 100) 
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Fig. 1. Effect of inertia wheel cross coupling during a manual 180° 
yaw attitude change in presence of an initial pitch wheel velocity of 100 
rad./sec. Top to bottom: vehicle yaw rate, change in vehicle attitude, 
pilot's control grip deflection, thrust output of forward yaw jet, yaw 
inertia wheel speed, change in vehicle pitch attitude, pitch inertia wheel 
speed, change in vehicle roll attitude, and roll inertia wheel speed. 
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Orbital Rendezvous and Guidance 


“Let's meet on your perigee. I'll go into parking orbit 


and descend for final rendezvous. See you in constellation.” 


Ernst A. Steinhoff, AFIAS, AVCO Corporation (Crosley Division) 


Tuc INCREASING use of instrumented satellites and the 
expected advent into manned orbital and space flight 
make the development of orbital and space rendezvous 
capabilities an important objective of the advancement 
of satellite and space-flight capabilities. Exchange of 
satellite crews after completion of their assigned 
missions by commuter vehicles would eliminate the 
hazards of re-entry for delicate space equipment. Add- 
ing man to orbital and space mission will increase the 
value of the overall missions and add to the flexibility of 
their execution. 

To accomplish these objectives, the development of 
rendezvous capability between vehicles ascending from 
earth with vehicles in orbit or between two already 
orbiting vehicles is mandatory. Rendezvous orbit 
altitudes up to 1,000 nautical miles are considered. For 
economy reasons only, elliptic or near-elliptic path 
rendezvous maneuvers are considered since hyperbolic 
or parabolic orbit transfers are beyond the state of the 
art of available energy ranges of existing or presently 
planned satellite vehicles. 

To reduce waiting times to favorable target constella- 
tions, it is advantageous to launch the interceptor 
satellite (interceptor) into an intermediate lower or 
higher orbit. This orbit is sometimes called a parking 
orbit. The lower orbit is practical if the target satellite 
(satellite) is either in a relatively high orbit of less than 
a 180° are removed from the interceptor. The time of 
ascent into the parking orbit is selected in such a 
manner that, after completion of the ascent maneuver, 
the orbits of both vehicles are nearly coplanar. Non- 
coplanarity beyond 2.5° difference in orbit inclination 
causes fuel requirement penalty in excess of 10 per cent 
of the interceptor weight. 
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The use of the higher parking orbit is advantageous if 
the satellite is in a relatively low orbit or is more than 
180° arc removed from the interceptor in its parking 
orbit. This is practical from energy and time consider- 
ations. Large separations between these two orbits 
mean reduced waiting times for the occurrence of the 
favorable constellation for the ascent (or descent) to 
the final rendezvous. In the case of the higher parking 
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Fig. 1. Geometry of transfer orbit. 
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orbit, the satellite catches up with the interceptor, 
while for a lower parking orbit, the interceptor over- 
takes the satellite from the rear (Fig. 1). Fig. 1 illus- 
trates that the interceptor uses a 180° arc from the 
initiation of the final rendezvous to the actual matching 
process. 

To initiate the rendezvous maneuver, one has to 
change the orbit velocity of the interceptor by velocity 
increment Av;. This increment is negative if the inter- 
ceptor is higher and positive if the interceptor orbit is 
lower than the target orbit. Reaching the satellite 
orbit altitude, a velocity increment Av: has to be applied 
by the interceptor to match velocities between the two 
vehicles. Av. will be positive if the interceptor were 
ascending to reach the satellite orbit and negative if the 
interceptor were descending. For orbital rendezvous 
below 1,000 nautical mile altitude Av; and Av, are nearly 
equal. 

In planning space rendezvous, one has to consider 
that, first, the two coplanar orbits of the satellite and 
interceptor are subject to the recession of nodes to a 
different degree, if inclined orbits are involved; and, 
second, if the two orbits are not circular, a rotation of 
the apsidal lines will occur—different for both satellite 
and interceptor. However, by proper planning of the 
rendezvous maneuvers and choice of an initial dif- 
ference in orbit inclination and a correction of the 
line-of-sight angle between interceptor and _ satellite 
(Fig. 2), indicating the arrival of the proper constella- 
tion for the beginning of the rendezvous maneuver, these 
effects can be compensated. Use a low-thrust propul- 
sion system—e.g., electrical or ion propulsion system 
can compensate these effects, too. 

Space rendezvous can be controlled from the ground 
using the known orbital parameters of the satellite and 
with provision for a terminal rendezvous control using 
satellite and interceptor-borne equipment, or by the use 
of entirely interceptor-borne equipment. The require- 
ment on the instrumentation needed appears to be 
within the state of the art. Such equipment, however, 
will have to be adapted for this particular use. The 
range of terminal phase equipment for the final ap- 
proach between the two vehicles should be in the order 
of 15 to 20 nautical miles and should permit the match- 
ing of orbits with velocity differences as large as 750 to 
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Fig. 2. Collision course bearing angle in degree of satellite versus 
interceptor. 


An interesting case of space rendezvous application 
is the use of aircraft of the B-58 or B-70 type to launch 
the interceptor into its interim or parking orbit. For 


the B-58, a 50,000-lb. interceptor vehicle could ac- 
(Continued on page 103) 
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Fig. 3. Number of satellite passes per 24 hours which can be intercepted 
within 1,000 statute miles from an Air Force base located near that latitude. 
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Rendezvous in Space—éffects of Launch Conditions 


Deep-space explorations can be carried out in the near fulure if a rendezvous capability 

is developed that can assemble, transfer personnel, and supply and maintain both scientific and military space stations. 
Rendezvous operation problems are minimized for equatorial launch bases. 

The use of a‘ quasi-optimum rendezvous guidance system” concept and of “‘rendezvous-compatible-orbits”’ 

makes rendezvous operations practical from existing intermediate latitude launch bases. 


Norman V. Petersen and Robert S. Swanson 


Astro Systems & Research Labs., Norair, A Division of Northrop Corporation 


L. IS IMPORTANT to our national space effort to develop, 
at the earliest possible moment, a capability for per- 
forming rendezvous operations in space. The develop- 
ment of a rendezvous capability implies that we can 
assemble, transfer personnel, supply and maintain both 
scientific and military space stations, and that we can 
use these space stations as launching platforms for 
deep-space exploration. The utilization of first-stage 
booster vehicles such as Atlas or Titan, with suitable 
upper stage vehicles such as the Able-Star, Agena-B or 
Centaur, and the development of an early rendezvous 
capability, will enable us to perform nearly all useful 
space missions with much higher reliability and in a 
much earlier time period than will be possible with 
Saturn and Nova. 


Effect of the Timing of Launch Operations on 
Rendezvous Guidance 


The cost in propellant weight to correct an error in 
the time of launch depends on the particular orbit into 
which we intend to inject the interceptor-satellite. If 
the inclination of the orbit plane to the equator is very 
nearly equal to the launch base latitude, then errors in 
timing will not produce large errors in the orbit plane 
inclination but only in the fore and aft location along 
the orbit. Rendezvous guidance systems such as 
suggested in reference 1 do not require unrealistically 
high precision in launch time for successful, relatively 
low-cost, rendezvous operations. The reason the quasi- 
optimal rendezvous guidance system! (QORGS) is 
not sensitive to launch guidance errors is that, as the 
name implies, near-optimum orbit transfer maneuvers 
are used to correct each of the various injection errors 
in exactly one orbital period. The correction of fore 
and aft positional errors are efficiently corrected in one 
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orbital period. Furthermore, by proper placing of the 
interceptor into a low initial altitude, a “negative” 
penalty for rendezvous can usually be achieved by the 
use of QORGS. Although the ‘‘negative’’ penalty for 
rendezvous possible with QORGS, is not achieved by 
ascent guidance, it does have the advantage of achieving 
a rendezvous with a minimum elapse in time from 
launch. It has the additional disadvantage that if the 
launch timing errors become large, the rendezvous pro- 
pulsion requirements become excessive. We feel that, 
at least for the first few years of rendezvous operations, 
guidance systems which are not unduly sensitive to 
launch time errors are preferable. 

An ascent rendezvous guidance system, if properly 
designed, requires no additional propulsion to effect 
rendezvous over and above that required merely to 
inject into the same or nearly the same orbit. That is, 
the performance losses are substantially the same 


Table 1. Rendezvous-Compatible-Orbits Which Make 
15 Revolutions of the Satellite per Effective Earth's Rotation 
for an Eastern Launch From a Latitude 28.5° Base (AMR) 


2 3 ‘ s ‘ ? 8 10 " 

0 ‘ 29.13 3466 40.72 | 65.82 65.82 
262.9 263.4 266.1 2808 266.1 63.4 262.1 

10 ‘ 

i 29.17 | 35.00 6726 4.90 67.26 5.00 
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29.19 33.62 42.86 54.42 6987 87.32 69.87 42.86 3362 29.19 

(y+ 1800) 261.5 262.9 263.9 2676 S.C | 278.3 67H 263.9 24623 


where i = orbital inclination to the equator, deg.; h = orbital height, 
nautical miles; n = integer number of satellite revolutions between rendez- 
vous; ~ = central angle between launch base and downrange injection 
point, deg.; s = arc length along earth's surface corresponding to central 
angle y (s = 60 y, nautical miles). 
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whether guiding the vehicle into a preplanned orbit or 
guiding the vehicle to a rendezvous. 


Rendezvous Operations From Equatorial and Polar 
Launch Bases 


Rendezvous operations are most expediently carried 
out with vehicles in equatorial orbits launched from 
equatorial launch bases, since the rendezvous. can be 
performed once every satellite period, plus the time re- 
quired for the satellite to travel the amount the earth 
had rotated during the revolution of the satellite (for the 
more efficient eastward launch). For such orbits not 
only is the maximum advantage taken of the effect of 
earth’s rotation, but also the effects of earth’s oblateness 
are minimized and a more nearly circular orbit can be 
achieved. Furthermore, there is no compounded prob- 
lem connected with the precision of timing of launch 
operations because any errors in timing do not affect 
the orbit inclination. Note also that, because a rendez- 
vous can occur approximately once every 100 min. for 
low-orbit altitudes, if the launch-time error becomes ex- 
cessive it is usually practical to wait until the next 
revolution of the satellite. This relieves some of the 
difficulties associated with the critical aspect of launch 
timing as regards to the use of ‘‘ascent guidance.” 


Launch bases located exactly at the north or south 
poles would enable a rendezvous at exactly every satel- 
lite revolution regardless of orbit altitude and would 
provide pure polar orbits. The logistic difficulties of 
establishing such a launch base are obviously great and, 
of course, no advantage could be taken of the earth’s 
rotation effect for these orbits. 


(Continued on page 106) 
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Rendezvous and Guidance 


Ascent Guidance for a Satellite Rendezvous 


“In practice, the residual errors in position and velocity al the end of the ascent phase 
serve as the initial conditions for a terminal guidance period during which 


the vehicle is brought into proximity with the satellite.” 


T. B. Garber, MIAS, Electronics Dept., The RAND Corporation 


ve PROBLEM Of guiding a vehicle to a rendezvous with 
a space platform or satellite is considerably different 
from the problem of hitting a target on the earth. In 
the former case, it is necessary to achieve a specific tra- 
jectory, that of the satellite. In the latter case, an 
infinite number of free-fall ballistic paths may be 
followed. ! 

Rendezvous not only requires matching vehicle and 
satellite positions, but the two velocity vectors must 
also be identical. A further complication is that the 
geometric relationship between a given launch site 
and the satellite is a function of time. As a conse- 
quence, the ascent trajectory is, in general, nonplanar, 
and the time of launch is a critical factor. 

Thus, for an ideal rendezvous, the vehicle must be 
guided so that at the end of propulsion its three com- 
ponents of velocity and position are the same as the 
corresponding satellite variables. In practice, the 
residual errors in position and velocity at the end of the 
ascent phase serve as the initial conditions for a termi- 
nal guidance period during which the vehicle is brought 
into proximity with the satellite.?—‘ 

In order to analyze the ascent guidance problem, a 
satellite orbit has been assumed which has the following 
characteristics: 


Apogee—22,967,188 ft. (measured from the center of the earth) 
Perigee—22,894,249 ft. (measured from the center of the earth) 
Vapogee—24,778.1 ft./sec. 

V perigee —24,837.3 ft./sec. 

Period—5,810 sec. 


The satellite is in a nearly circular orbit, at a rather 
low altitude. This type of orbit may be expected for 
early manned satellites. Apogee is low enough to avoid 
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the radiation belts, while perigee is high enough that 
atmospheric forces are small.* 

The selection of an ascent path is influenced by many 
factors, such as energy requirements, possible launch 
times, available launch sites, etc. One possible ap- 
proach is to steer the vehicle so that at main propul- 
sion cutoff it will be on some type of transfer ellipse 
which will intersect, or become tangent to, the satellite's 
orbit at some later time. By the proper choice of 
launch time and cutoff conditions, the satellite and 
ascent vehicle will arrive at the intersection of their 
orbits at the same time. Any differences in relative 
position or velocity are then eliminated by the use of 
terminal control. 

The reference ascent trajectory which has been 
chosen for this study is one which achieves a perfect 
rendezvous at the cessation of propulsion. Thus a 
vehicle following such a path would not require any 
terminal guidance. 

In practice, the reference thrust program might be 
selected on the basis of minimum fuel requirements.’ 
However, for the purposes of this paper, an optimum 
trajectory is not necessary. Thus the only criteria 
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that have been adopted are that the magnitude of the 
thrust acceleration be within human tolerances and 
that the rate of turn of the thrust vector be within 
reasonable limits. 

The equations of motion of the actual ascent vehicle 
are 


+ dm SiN Am 
Tm m 


Vom 
Ve, con + —— cos — 
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2 Vom Vy m 
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Ym COS Vm 
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Sin Vm = Am COS Am COS Bm 


Am SiN Bm COS Am 


Three equations are required since the launch site will 
not, in general, be in the satellite’s orbital plane. 
(See Fig. 1.) 

The problem that must now be considered is the 
manner in which the thrust vector should be controlled 
in order to achieve a rendezvous. In principle, control 
of both the magnitude and the direction of the thrust 
is possible. However, high-thrust motors of the type 
that would be used during ascent are usually controlled 
only in direction. In addition, the time at which pro- 
pulsion cutoff occurs may also be varied to a certain 
extent. In this paper it is assumed that only a,,, 8,,, 
and the cutoff time are available as control parameters. 
(See Fig. 2.) 

The procedure that has been adopted in the develop- 
ment of the guidance and control equations is as fol- 
lows: It is assumed that, at any instant of time f, the 
velocity and position components of the actual vehicle 
differ from the corresponding reference variables by 
only first-order quantities. Thus for the radial com- 
ponent of relative motion 


Ym — = Or 


where r and V, are reference variables. 
The errors in position and velocity of the ascent ve- 


hicle with respect to the satellite at propulsion cutoff are 


T+étr 
E(r) a(t) + f 5V dr 
t 
T+étr 
E(V,) = 6V,(t) + f 6V.dr + sin a(T) 
t 
E(r@) = rp 66(t) + ref dr — 
t r 
T+élr 17 
dr 
t r 


T+étr 
E(Ve) = 6Ve(t) + f 6Vedt + Gm cos a (T) 


T+élr 6 Vy, 


E(rv) = rr = f dr — 


T+élr 


E(V,) = 6V,(t) + 5Vydr 


where 7 is the reference cutoff time, and 6fy is the first- 
order variation in 7. If the errors, or some function 
of the errors, are required to be zero at T + dtr, then 
5V,(r), 6Ve(r), 6V,(7), and their derivatives must each 
have a functional form which, when integrated between 
tand T + 6ty, will cancel the conditions or some func- 
tion of the conditions at time ¢. 

For example if, for the planar problem, only velocity 
constraints were required, then the functions 6V,(r7) 
and 6V,(7) must each contain one unspecified constant. 
Once the actual functional forms of 6V,(r) and 6V,(r) 
have been assumed, the unspecified constants may then 
be found in terms of 6t7 and conditions at t. The man- 
ner in which the thrust vector must be oriented as a 
function of time may then be found by introducing the 
required functions, 6V,(r) and 6V,(7), into the per- 
turbed equations of motion of the vehicle. For this 
special case there are two equations with the two un- 
knowns, 6a and dtr. 

The procedure described in the preceding paragraph 
has been followed for the case in which the constraints 


imposed are 
(Continued on page 108) 
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Rendezvous and Guidance 


A guidance concept is presented for the terminal phase of space station rendezvous mission. 
Minimum fuel expenditure and control during the transfer maneuver are considered. 


A Guidance Technique for Achieving Rendezvous 


Philip G. Felleman and Norman E. Sears, Jr. 


Massachusetts Institute of Technology, Instrumentation Laboratory 


a: TERMINAL PHASE Of a space station rendezvous 
mission will be initiated after the rendezvous vehicle 
has been placed within 100 miles of the space station by 
a launch or orbital transfer trajectory.. The fuel re- 
quired for the terminal maneuver will depend on (1) 
the trajectory controlled by the guidance system, and 
(2) the initial conditions of relative position and 
velocity between the two vehicles from which the 
maneuver must start. Desired initial conditions for 
the rendezvous trajectories are described from the 
point of view of minimum fuel expenditure; the guid- 
ance system operation during the control of such a 
transfer maneuver is also described. 

The desired initial conditions for the rendezvous 
maneuver are those in which the position and velocities 
of the two vehicles result in a relative closing rate. 
The launch sequence of the rendezvous vehicle is chosen 
so that the rendezvous vehicle arrives at the space sta- 
tion altitude ahead of the space station with suborbital 
velocity. Under these conditions, the space station 
will be overtaking the rendezvous vehicle, and the 
guidance system controls the rendezvous vehicle veloc- 
ity and position so that the space station orbital ve- 
locity is achieved when the relative range has closed 
to the desired final value. This type of maneuver re- 
sults in simultaneous orbital injection and rendezvous. 
The amount of fuel required for such a maneuver is 
essentially the same as that required for orbital injec- 
tion alone without rendezvous. 

The guidance system must control the rendezvous 
vehicle on a trajectory which maintains the vehicle 
position ahead of the space station until orbital velocity 
is achieved. If the rendezvous vehicle is passed by the 
space station, it then must achieve a velocity greater 


76 Aero/Space Engineering - 


May. 1960 


Mr. Felleman (left), Staff Engineer, M.I.T. Instrumentation Laboratory, re- 
ceived his B.S. and M.S. degrees in mathematics from the Massachusetts In- 
stitute of Technology in 1952 and 1954, respectively. Mr. Sears (right), 
Group Leader, M.I.T. Instrumentation Lab., received his B.S. in electrical 
engineering from the University of Utah in 1950, and his M.S. from M.L.T. 
in 1952. Each served in the U.S. Navy prior to entering college, and joined 
the M.I.T. Instrumentation Lab. upon being awarded his Master's degree. 
They have worked jointly on the design and flight testing of airborne fire 
control and missile and space vehicle guidance systems. 


than that of the space station to catch up, and then 
must reverse its thrust direction in order to decelerate 
relative to the space station and effect final rendezvous 
conditions. This would require a greater characteristic 
velocity and hence greater fuel expenditure than the 
case involving simultaneous orbital injection and ren- 
dezvous which does not require the reversal of the thrust 
direction. 

In order to maintain a position ahead of the satellite 
during the maneuver, the initial separation range must 
be sufficient so that the space station does not overtake 
the rendezvous vehicle until it has achieved orbital 
velocity. This initial separation range is determined by 
the acceleration capability of the rendezvous vehicle 
and the initial closing velocity between the two ve- 
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hicles. The rendezvous vehicle propulsion system con- 
sidered here has variable thrust control over a range of 
3-to-1. This variable thrust control system could be 
achieved by a throttleable engine or by combinations of 
fixed and /or throttleable engines. 

The guidance system used to control the trajectory 
under these propulsion and starting conditions is based 
on the following guidance equation*: 


Geom = Sile(R+kVR) +S: (Wis XR) (1) 


where 


Geon = commanded acceleration of rendezvous ve- 
hicle 

R = measured range 

R = measured range rate along the line-of-sight 

W,s = measured angular velocity of the line-of 
sight 

= system sensitivities 

le = unit vector along line-of-sight 


The second term of this guidance equation establishes 
an intercept trajectory to the space station, while the 
first term controls the relative velocity along this tra- 
jectory. The relative velocity is controlled as a func- 
tion of range so that the required rendezvous condition 
of zero relative velocity is established at a desired 
minimum range. A guidance system of this type con- 
trols a continuously powered maneuver using line-of- 
sight tracking information. The characteristics of the 
maneuver controlled by the guidance system can be 
summarized as follows: 

(1) The initial commanded acceleration is determined 
by the difference between the measured relative velocity 
and the desired relative velocity, and by the angular 
rate of the line-of-sight. 

(2) Once the rendezvous vehicle has achieved the 
relative velocity commanded by the guidance system, 
the acceleration remains virtually constant and equal 
to a value of approximately k?/2 ft./sec.*. This implies 
that the value chosen for k determines the final accelera- 
tion level, and hence this concept differs from those 
which propose using a single impulse of thrust to reduce 
the relative velocity to zero. A simple analogy of this 
comparison is to consider two methods of driving a car 
into a garage. The first is to approach at a high speed 
and apply maximum braking at the last possible minute; 
the other is to reduce the speed gradually and ease into 
the garage. The guidance equation—Eq. (1)—provides 
the second type of control. 

(3) The time required to complete the maneuver is 
proportional to the value of the scale factor k and the 
range at which rendezvous vehicle achieves the guidance 
system commanded velocity. 


* Sears, N. E., and Felleman, P. G., Terminal Guidance for 
Satellite Rendezvous, ARS Paper 778-59. 
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It is possible for the guidance equation to command 
an acceleration which is greater than the propulsion 
system can provide. In this event, the engine is set at 
its maximum level until the commanded acceleration is 
within the capability of the propulsion system. 

The choice of the value of the scale factor k deter- 
mines the final value of acceleration and hence deter- 
mines the throttle range necessary. For a fixed upper 
limit of thrust, increasing the value of k reduces the 
throttle range. 

The guidance concept and system can be used for 
either coplanar or noncoplanar rendezvous maneuvers. 
Noncoplanar trajectories with turning into the space 
station orbital plane require greater fuel expenditures 
and larger initial separation ranges than coplanar 
maneuvers involving similar vehicle thrust characteris- 
tics and initial velocities. The fuel expenditure re- 
quired for noncoplanar rendezvous maneuvers, how- 
ever, is only slightly greater than that required for non- 
coplanar orbital injection, if the initial separation range 
is sufficient and the initial angular rate of the line-of- 
sight is small. 

Fig. 1 depicts the rendezvous at various stages of a 
noncoplanar maneuver. The first picture shows the 
desired initial positions of the two vehicles, and the 
sequence progresses to the final rendezvous condition. 

The guidance system based on Eq. (1) when used as 
described above has the following advantages: 

(1) The fuel required for the rendezvous maneuver 
is essentially the same as the fuel expenditure for orbital 
injection without rendezvous. 

(2) The guidance system controls the continuously 
powered maneuver during which trajectory deviations 
due to measurement inaccuracies and noise can be con- 
tinuously corrected. 

(3) The guidance system can be used with achievable 
propulsion and attitude control systems. 
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Rendezvous and Guidance 


Manned Control of Orbital Rendezvous 


“A pilot proved to be a highly capable instrument 
whose various functions would be hard to duplicate 
with purely automatic equipment.” 


E. Levin and J. Ward, MIAS 


The RAND Corporation and Space Technology Laboratories, Inc., Respectively 


A COMPLETE orbital rendezvous operation may be con- 
veniently separated into three rather distinct steps— 
launch, closing, and docking. For the docking or 
extreme terminal portion of the rendezvous operation, 
the chase vehicle may be required to maneuver about 
the station and approach a particular location to within 
a foot or two with a relative velocity of a few hundredths 
of a foot per second. In many respects the docking 
phase of rendezvous may be compared to landing an 
airplane or to an air-to-air refueling operation. In 
principle, automatic equipment could be devised to 
perform these operations. In fact, however, manual 
control is employed. 


Simulator Description 


Instead of speculating on the ability of a man to 
direct this docking operation, a device was assembled 
to simulate the essential features of the problem. In 
orbit, the pilot could be provided with relative range 
and range rate information and would have controls to 
apply rocket thrust. In the simulated system, the 
position and velocity of the target and chase vehicles 
under any given set of applied thrusts can be computed 
and the relative range and range rate information 
supplied to the pilot. 

Both vehicles are assumed to move in coplanar clock- 
wise orbits, and the initial position and velocity of 
each vehicle may be selected at the start of each run. 
An xy coordinate system is centered at the target and 
moves with the target so that the positive y direction 
remains radial and the positive x direction circumferen- 
tial. 
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nical Staff at Space Technology Labs. He re- 
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He has prepared a number of papers on sys- 
tem simulation. 


The simulator itself is shown in Fig. 1 with the analog 
computer in the background. The display to the pilot 
appears in two forms—one designed to provide general 
orientation and the second intended to supply detailed 
quantitative information. The ‘‘seat-of-the-pants’’ in- 
formation appears on the large oscilloscope at the top of 
the simulator. A dot of light in the center of the oscillo- 
scope represents the position of the target, and a mov- 
ing dot of light represents the chase vehicle. The rela- 
tive displacements of the dot are proportional to the cir- 
cumferential and radial components of the relative range. 
There is also a line of light which emanates from the dot 
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representing the chase vehicle. The direction of this line 
corresponds to the direction of the relative velocity vec- 
tor, and the length of the line is a measure of the magni- 
tude of the relative velocity. This information is pre- 
sented in quantitative form on four dials. The two low- 
est dials on the panel of the simulator provide the relative 
circumferential and relative radial separation, respec- 
tively. Immediately above these two are a pair of 
dials providing the corresponding components of rela- 
tive velocity. The dial at the extreme left of Fig. 1 
indicates the characteristic velocity expended. This 
may be related to the fuel consumed. The rendezvous 
objective is to cause the two dots on the oscilloscope to 
coincide, while the velocity line shrinks to zero or, 
alternately, to zero the position and velocity dials. 


The controls are located immediately below the in- 
formation display. The pilot may apply circumferen- 
tial, retrocircumferential, upward radial, or downward 
radial thrust acceleration at his own discretion. The 
available thrust levels are discrete and may be turned 
on and off as desired. An alternate control system is 
located at the bottom of the console. This is a joy 
stick and can be used to apply thrust which is vari- 
able in magnitude and direction according to the dis- 
placement of the stick from the center and the direction 
in which it is displaced. 


Experimental Results 


It was found that the docking maneuver based on un- 
processed position and velocity data could be performed 
with great precision (less than 2 ft. separation and 
about 1/100 of a foot per second in relative velocity) 
by almost anyone. Over 50 people, ranging from 
secretaries to experienced pilots, successfully achieved a 
simulated rendezvous. In some cases, of course, the 
fuel consumed and time required were excessive. In 
most cases, practice resulted in a marked improvement, 
and it was found that, for initial separation of less than 
a mile with relative velocities of a few feet per second, 
a typical ‘‘good”’ rendezvous required a small fraction of 
a revolution with an expenditure of 10-20 ft. sec. in 
characteristic velocity or, alternately, about one com- 
plete revolution with an expenditure of about 5 ft./sec. 
in characteristic velocity. 


Experiments were also conducted with reduced in- 
formation. It was found that either the oscilloscope 
or the dials could be used alone; however, the com- 
bination was judged to be very convenient. Rendez- 
vous could also be achieved when the information was 
limited to visual relative position as given by the two 
dots on the oscilloscope without the velocity line or any 
dial readings. The characteristic velocity was typically 
increased by a factor of about 2 to 3. This case is of 
Special interest since it corresponds to ‘‘looking-out-the 
window.” 


Fig. 1. Orbital rendezvous simulator. (The display on the oscilloscope 
did not photograph well, and this portion has been drawn by hand.) 


Pilots were able to exercise considerable flexibility 
in choosing the mode and direction of final approach. In 
one particular experiment, the station was represented 
on a plotter by a scale model sketch of a torus. A chan- 
nel 5 ft. wide was indicated on the sketch, and it was 
found that the pen trace of the relative position of the 
chase vehicle could be guided through this channel 
from an arbitrary starting position relative to the sta- 
tion on the basis of relative position information alone. 

By suitable scaling changes the simulator could also 
be used to study the more distant closing phase of 
rendezvous. With practice the pilot could direct this 
operation, but the fuel expenditure involved was fairly 
substantial and the efficiency of the operation became 
significant. Specific automatic control schemes could 
be programmed into the computer and used as a basis 
of comparison. A good pilot was found to consume 
about 20-30 per cent more fuel. A poor pilot might 
consume four or five times the amount of fuel required 
by an automatic system. 


Conclusions 


A pilot was found to be a useful element of a 
rendezvous system. His role in the distant closing 
phase of rendezvous might be limited to override in 
case of equipment malfunction or for special maneuvers. 
For the docking phase, a pilot proved to be a highly 
capable instrument whose various functions would be 
hard to duplicate with purely automatic equipment. 
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Utility and Economics 


Man’s Contribution to an 


Operational Space Station Concept 


Man’s function and degree of effectiveness in 


space systems as opposed to the concept of total automation. 


M. A. Grodsky and R. D. Sorkin, The Martin Company 


0... of the basic questions which defies an objective or 
quantitative solution in today’s space science and 
technology concerns the human element in space sys- 
tems. There are as many qualitative reasons given 
in support of manned weapon systems as there are 
reasons which are in opposition. However, a quali- 
tative approach does not appear to be sufficient for the 
equipment designers. A number of conditions exist 
which determine the difficulty in obtaining a definite 
solution: 

(1) The quantification of human behavior is a 
difficult task. 

(2) Available psychological data are difficult to apply 
in realistic situations. 

(3) Human behavioral data are not collected in terms 
of a machine-systems concept. 

It is believed that the decision of which type of sys- 
tem to select is dependent upon some advantage gained 
by either system. There are a number of basic guide- 
lines which may be used in determining the advan- 
tage gained by the utilization of a particular mode of 
operation for a space station: 

(1) A thorough and clear delineation of the missions 
of the system and the engineering ‘‘tradeoffs” required 
to make this system operational. It should be noted 
that the question, ““What can man do in this system?” 
cannot be answered until the missions and general 
characteristics of the system are delineated. 

(2) What is the feasibility of designing work and 
living quarters to provide for man? Though the 
answer to this question may bias a decision to include 
man, it should be remembered that automated equip- 
ment also requires a suitable operating environment. 
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Consideration of the above guidelines suggests that 
the advantage of a manned system may be discussed 
in terms of payload weight, economy, utility of man, 
and mission effectiveness. Considering payload weight 
and the economy of the system, studies have shown 
that with systems of 25,000 pounds or more, the weight 
for carrying personnel is negligible. Our studies have 
also suggested that though it costs slightly more for a 
manned system than an unmanned system, this in- 
creased cost is also negligible when compared to the 
overall cost. One of the most important contributing 
costs to a manned system is the cost of the training of 
personnel and replacements required because of pre- 
dictable attrition rates. 

If there is any unique contribution of man’s be- 
havior to our space station concept, it is the increasing 
of the effectiveness of our space system in performing 
its missions without large increases in cost; this then 
becomes the primary criterion in deciding between 
manned or unmanned systems. 

The question of how man can increase the effective- 
ness of the system can next be raised. If we are inter- 
ested in a long range payoff, then the following attri- 
butes of human behavior must be considered: man’s 
ability as a decision-maker and information processor; 
man’s ability as an equipment maintenance source; 
and man’s ability in controlling and stabilizing the 
space system. 


Decision-Making and Information-Processing 


This ability of the human within any space station 
concept is most clearly applicable within systems which 
have as one of their prime missions to provide commun 
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cation and reconnaissance information. One im- 
portant decision-making and information-processing 
function of man is the analysis and interpretation of 
specialized data for rapid transmission to ground sta- 
tions. Since there exists a weight penalty for auto- 
matic data reduction equipment in space systems and a 
restriction on telemetric channel band-widths for 
transmission, man could possibly alleviate the situation 
by contributing to the analysis and interpretation of 
the obtained data. There are many theories of how 
man functions as a decision maker, and the applica- 
bility of any theory is dependent on the particular 
sensory modality (sensory input) which is stimulated. 
However, there are certain general perceptual proc- 
esses by which man responds in situations requiring 
decisions. These processes are: 

(1) Detection of stimuli. 

(2) Discrimination of a particular stimulus from the 
many stimuli in the environment. 

(3) Association and assimilation with memory and/or 
past experience. 

(4) Response. 

Though the above general information concerning 
man’s decision-making abilities is known, it is difficult 
to apply this information directly to any system such 
as our space station. One of the major difficulties is 
the lack of knowledge of how to present information 
for optimum decision-making. The problems involved 
here require no new theoretical approaches but appear 
to need direct behavioral and technological research. 
It is believed that the research required to implement 
this is well within the state-of-the-art. The prediction 
of the success of writing transfer functions of this type 
of human behavior for mechanization into a computer is 
more difficult. Indeed, it will probably be many years 
before the decision-making process, as handled by the 
human brain and sensors, can even be mechanized for a 
computer-type machine. 


Maintenance Behaviors 


One of man’s major functions and positive contri- 
butions in any space system appears to be his ability to 
perform maintenance. Our studies have shown that 
this ability of man is not only economically feasible 
but increases the effectiveness of the system in per- 
forming its missions. Maintenance behavior is con- 
ceived as containing (1) detection of a system mal- 
function, (2) diagnosing the system malfunction, (3) 
repair of the failed component, and (4) replacement 
of the repaired component. It can be demonstrated 
that these elements can be arranged in terms of a psy- 
chological learning paradigm and therefore are well 
within the realm of human capability. 

A recent study conducted by the authors attempted 
estimates of the maintenance requirements for the 
electronics subsystems within a hypothesized orbital 
Space system. This study demonstrated that the 
reliability of the system can be increased and down- 
time reduced by a combination of man’s maintenance 
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behavior and automated equipment. A similar analy- 
sis can be conducted on our space station. Indeed, 
this type of analysis may aid in the quantification of 
system cost parameters. The major weight and cost 
penalties developed from our analysis are incurred by 
maintenance spares. Because of this and because it 
can be demonstrated mathematically that redundancy 
systems utilizing some form of ‘‘element’”’ redundancy 
are more economical for given levels of reliability, it 
appears that a human operator maintenance system 
could probably capitalize on lower repair levels, par- 
ticularly with regard to electromechanical equipment, 
than could practical automatic systems of similar cost, 
capability, and reliability. Even assuming great 
future advances in increasing component reliability, 
the future picture is clearly not an optimistic one for 
automatic systems. Therefore, a combined manned 
and automatic maintenance system is required which 
would lower the cost and weight and increase the 
effectiveness of the system in performing its missions. 


Station Control and Stabilization Functions 


Man’s ability to perform in this context would be to 
select different modes or levels of manual control in 
the event that a failure of the automatic control or 
stabilization system occurred. It is also believed that 
close rendezvous with a vehicle or station could best be 
accomplished by man. 


Space Environment Factors Which Influence Man’s 
Performance 


Consideration must be given to various environ- 
mental factors which could influence man’s performance 
within our system. Radiation, weightlessness, and 
psychological stress are among those factors which 
would have possible effects on the functions of man 
within our system and which still require further re- 
search. 
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Utility and Economics 


Program Costs for a Manned Space Station 


The need for a versatile modular concept for the end vehicle system 
appears as one of the most important aspects of these cost studies. 


R. H. Lundberg and T. E. Dolan 


Vought Astronautics, Division of Chance Vought Aircraft, Inc. 


Bxcu SPACE PROGRAM now represents such a large in- 
vestment that the costing picture of the entire program 
carries equal importance with the technical feasibility 
material normally developed. Such additional infor- 
mation provides the policy making levels with all major 
facts required to aid them in the decision making 
process. Unless cost optimization and integration with 
past and planned programs is accomplished during the 
development of a space system, it probably will not be 
economically feasible. 


As a demonstration of approaches to these cost and 
funding problems, let us examine the progress and costs 
for a manned space station system as illustrated by 
Fig. 1. Primary features include a modular concept of 
separate entry vehicle and space station—or SATEL- 
LAB. A 300-mile earth orbit has been selected to 
provide true space environment while still close enough 
to afford economical proximity to the earth and also 
avoid the radiation hazards on the inner Van Allen belt. 
A three-man 14-day station size has been selected. 
Crew return is accomplished through the entry vehicle 
(which is a lifting maneuverable body), separating from 
the station, and making a point return to a pre-selected 
landing site. 


Subsequent manned use of the station consists of 
placing an entry vehicle into orbit and effecting a 
rendezvous with the SATELLAB. Included on the 
subsequent missions is an entry vehicle payload of 583 
Ibs. of expendables (food, oxygen, etc.) for reprovision- 
ing the test station. It is also possible, by the modular 
design approach, to size the station for any reasonable 
man/day requirement and avoid the reprovisioning 
payload weights on subsequent operations. The test 
station shown has a total weight of 10,090 Ibs. with the 
entry vehicle weighing 5,750 Ibs. and the SATELLAB 
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(including 673 lbs. of tests and associated equipment) 
weighing 4,340 Ibs. 

The program to produce this system falls naturally 
into three distinct phases: (1) developing the entry 
vehicle, (2) developing the laboratory, and (3) develop- 
ing the manned space station. For our purposes here, 
we assume that a single mission will meet the ultimate 
objective. 

Coincident with developing the particular system for 
each phase, its complete program, including develop- 
mental and qualification tests, flight tests, ground sup- 
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neering activity in the Astronautics Division. 
Mr. Lundberg is a member of the American 
Institute of Industrial Engineers. 


Mr. Dolan graduated from the University of 
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Fig. 1. 


Manned space test station. 


port equipment, etc., is also determined. During this 
development, cost optimization of the complete pro- 
gram is accomplished by evaluating cost incurred 
through the use of parametric cost data. These para- 
metric cost data have been developed based on past 
experience, related programs, and vendor/subcontractor 
quotations. Optimization is effected by applying these 
data during the derivation of specific requirements for 
each program phase, questioning each requirement with 
what is it?, what do we get?, what does it cost?, and 
is it worth it? 

Fig. 2 summarizes the total costs to the customer as- 
sociated with the program. Significant here is the 
fiscal year funding information provided. Table 1 
summarizes the total program costs by element (entry 
vehicle, etc.) and item (structure, equipment, boosters, 
ete.). From this information and other more detailed 
analyses omitted for brevity, a series of interesting 
characteristics become apparent. These include: 

(a) Program costs by phase: 
Phase I (Entry vehicle) 2M 
Phase II (SATELLAB) 219.9M 
Phase III (Entry vehicle, SATELLAB) 291.7 M 


Total Program Cost 


_(b) 73.4 per cent of the total program costs ($661.1 
M) are non-recurring costs, 26.6 per cent are recurring 
costs. 

(c) The actual assembly—SATELLAB and entry 
vehicle—orbiting the earth costs $12.1 M and represents 
only 1.3 per cent of the total costs. 

(d) If, having completed the program and mission 
outlined, it were desired to send up a second complete 
assembly three months later, the total costs for this 
follow-on program would be $27.0 M, 3 per cent of the 
cost of the initial program. 


(e) The total program equipment costs for the sys- 
tems, etc., in the space vehicle are 23.7 per cent of the 
total program costs. On a pro-rated unit cost, the 
value is $3053/lb. After development, for subsequent 
missions, equipment costs are $1503/Ib. Correspend- 
ing numbers for structure are $2770/Ib. and $755/Ib. 

(f) The engineering design costs ($91.6 M) represent 
10.2 per cent of the program costs while the total engi- 
neering effort for the program ($255.6 M) represents 
28.4 per cent of the program costs. 

(g) All testing ($237.7 M) including qualification 
costs represents 26.4 per cent of the total program costs. 

The total program costs and fiscal year funding rates 
appear reasonable. Inasmuch as the present economy 
is currently supporting space programs of nearly $1 
billion with a yearly funding rate of approximately 
$200-300 million, it would appear possible to conduct 
the subject program in proper phase with these and still 
maintain the current national budget philosophies. 

Because the total hardware and system testing re- 
quirements are over 25 per cent of the program costs, the 
cost pattern suggests a program philosophy employing 
maximum utilization of components and systems (and 
even vehicle assemblies plus their associated boosters) 
previously developed for other space missions. Here, a 
versatile modular concept for the end vehicle system 
appears most attractive. 

The need for a versatile modular space vehicle con- 
cept is further highlighted by the tremendous difference 

(Continued on page 108) 


SPACE VEHICLE ASSEMBLY 
$635,700,000 


SPACE TEST STATION 


CUMULATIVE COSTS 


$219,900,000 

$361,200,000 
ENTRY VEHICLE 
(A) $389,200,000 
$76,500,000 FY FUNDING — ENTRY VEHICLE 
$196,300,000 $99,500,000 $16,900,000 
FIRST SECOND THIRD FOURTH FIFTH 


YEARS FROM GO-AHEAD 


Fig. 2. Manned space test station, program funding. 


Table 1. Manned Space Test Station, Program Cost 


Summary 
(dollars in millions) 


ENTRY VEHICLE |SPACE LABORATORY|ENTRY-LAB VEHICLE) TOTAL PROGRAM 


NR T NR NR R T NR rR 


89.2 | 40.3 |129.5 12.4| 12.4] 89.2| 52.7) 141.9 
(42.0) | (19.5)| (61.5) (6.0) (6.0) | (42.0)) (25.5) (67.5) 
(47.2) | (20.8) | (68.0) (6.4)| (6.4) | (47.2) | (27.2) (74.4) 
102.9 | 45.0 |147.9 36.0 | 36.0 |102.9| 81.0| 183.9 
(37.4) | (4.0)| (41.4) (3.2)} (3.2) | (37.4)| (7.2)| (44.6) 
(65.5) | (41.0)|(106.5) (32.8)] (32.8) | (65.5) | (73.8)| (139.3) 


52.4 | 47.2| 99.6) 69] 9.6] 16.5 [103.1 | 49.2 152.3 |162.4 | 106.0) 268.4 
141.6 | 87.5 |229.1 | 109.8 | 54.6 |164.4 |103.1 | 97.6 |200.7 |354.5 |239.7 | 594.2 


99.5 99.5| 36.7 36.7 | 59.6 59.6 |195.8 195.8 

38.7 387) 7.2 7.2 | 166 16.6 | 62.5 62.5 

15.0 15.0) 7.7 77 | 97 | 324 324 
294.8 | 87.5| 382.3| 161.4 | 54.6| 216.0 |189.0 | 97.6 | 286.6 | 645.2 


TOTALS 389.2 219.9 217 


a 
= 
4 
FY FUNDING — TOTAL PROGRAM 
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0 
al 
3900. 8M : 
Airborne | 
Entry Vehicle 
Structure 
Structure 
Equipment 
Ground Support Complex | 
(GSE, range mods, etc.) 
69 3.9 } 5.1 | | 3 
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Utility and Economics 


in space exploration. 


and our limited supply of certain personnel skills. 


Milton A. Margolis, The RAND Corporation 


Disses THE CURRENT early phase of space exploration, 
technical feasibility is the overriding question insofar 
as any new mission proposal is concerned. For ex- 
ample, in the case of orbiting transfer stations, first 
considerations would include required booster payload 
carrying capability, feasibility of assembling a manned 
station from orbiting booster tank structure, and avail- 
ability of statisfactory propulsion devices for initiating 
extended missions from space platforms. Attention 
might then shift to the relative desirability of the new 
mission insofar as its military and scientific applica- 
tions are concerned. 

Somewhat later, discussions might move to the best 
means of carrying out the proposed mission, assuming 
there appears to be more than one, and the possibility 
of funding the program in the light of current military— 
space commitments and the capability of the economy 
to support higher budgets. Although not wholly a 
matter of economic analysis, both of these problems 
have their “economic” aspects. This paper is a dis- 
cussion of these aspects of developing and orbiting a 
manned transfer station. 

Unfortunately, selecting a preferred means of orbiting 
a transfer station is not merely a matter of enumerating 
the goods and services required by all reasonable 
approaches to the problem, attaching cost estimates, 
and sorting out the minimum total. Erecting a trans- 
fer station by any currently proposed means requires 
the development of new equipment—equipment with 
operating characteristics and capabilities beyond exist- 
ing components. In addition, equipment and human 
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Economic Aspects of developing and orbiting a space station 


Rapid development of a transfer station could well improve our competitive position 
The long-run capability of the national economy to support such 
an expanded space effort looks promising. Specific problems foreseen are short-run inflationary effects 


beings must operate under new and yet-to-be-experi- 
enced environmental conditions. In the face of the 
considerable uncertainty attached to orbiting a station, 
other criteria besides apparent minimum cost must be 
taken into consideration in selecting preferred alterna- 
tives. Which approach employs the least new and 
untried equipment? Which employs components cur- 
rently scheduled for development as part of other space 
programs wherein the development costs and test ex- 
perience may be shared? Which approach seems most 
promising as far as the earliest available space platform 
is concerned ? 

In addition to representing quite a space-flight 
achievement in their own right, space transfer stations 
are, by definition, stepping stones to more ambitious 
missions. This role focuses particular attention on the 
need for the availability of these stations. If in orbit 
and capable of serving as ferry stations sufficiently 
soon, space platforms could probably accelerate first 
manned landings on the moon and the nearer planets 
by several years. Inasmuch as our specific future 
objectives in space exploration are, of necessity, some: 
what vague, the general usefulness of a transfer capa- 
bility would seem to be the strongest argument for § 
rapid space station development. 

Another variety of question usually asked, in cot- 
sidering an ambitious and apparently expensive space 
project, relates to the level of expenditures that the 
Government can afford in this new area without bank: 
ruptcy, an end to the free enterprise system, and worse. 
This is, of course, a special case of the more familiar: 
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What volume of military expenditures can we afford? 
Answering this question in either form is extremely 
difficult. Even if we become more sophisticated and 
ask what ratio of military-space expenditures to GNP 
(gross national product) our economy will be able to 
bear, the question is almost unanswerable without 
further definition of what “‘bankruptcy”’ means so far 
as national economy is concerned and what is meant 
by ‘destruction of the free enterprise system.” 

We do know that the variety of Government expendi- 
ture under discussion is inflationary because money is 
poured into the economy for procuring goods and serv- 
ices while nothing is sold in return. Measuring the 
amount of pressure exerted by given amounts of 
Government expenditure is something else again. A 
small procurement in one sector of the economy can 
have a marked effect upon price level while a large 
expenditure in another sector relatively little, depend- 
ing upon the supply elasticities of the items purchased. 
However, regardless of their distribution, relatively 
larger and larger injections of this type of money into 
the economy eventually will begin to have serious in- 
flationary effects. It is true that during World War II 
military expenditures rose to about 40 per cent of our 
total national product without causing a “runaway” 
inflation. But it must be remembered that the in- 
flationary pressure of military expenditures was 
countered by Government price and wage controls. 

At the present time, it seems highly unlikely that the 
American public would be eager to return to controls 
which were bearable to win World War II, in order to 
land a man on the moon several years sooner. I sus- 
pect controls would be rejected even if it could be 
guaranteed that such measures meant the difference 
between getting to the moon first or second. 

Accepting the foregoing hypothesis about United 
States preferences, the question of what can the United 
States afford in the way of space expenditures might 
be rewritten to read: What can we sustain in the way 
of incremental space funding, holding all other types 
of Government expenditures constant, without the 
necessity of imposing price and wage controls? Even 
this question has no simple answer. Depending upon 
the condition of the rest of the economy, an incre- 
mental expenditure during one year might act to accen- 
tuate an inflationary boom and in another year might 
hold up a recession. 

At the close of World War II, military expenditures 
as a ratio of GNP dropped from a peak of 45 per cent 
to 4.5 per cent in 1948. With the coming of the 
Korean conflict, this ratio rose to about 14 per cent in 
1953 and has since leveled off at about 9 to 10 per cent. 
In absolute terms, military expenditures have risen 
from $12 billion in 1948 to $50 billion in 1953 and 
gone down to $44 billion in 1958. While certainly con- 
tributing sizably to an inflationary condition, one could 
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Mr. Margolis completed his undergraduate 
education at Columbia College and his 
graduate work at Johns Hopkins in economics 
and statistics. From 1950 to 1952 he was 
employed at the Willow Run Research Center 
of the University of Michigan, where eventu- 
ally he headed a group studying the costs 
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systems. He has been a member of the Cost 
Analysis Department of RAND since 1952. 
He currently heads a group conducting re- 
search in advance weapon system costing, and 
has written several papers on the economic 
and cost aspects of space flight and rocket 
propulsion. 


hardly apply the term “runaway” to our financial 
situation since 1948. Furthermore, various Federal 
Reserve Board and Administration monetary control 
measures have certainly not been used to the maximum 
extent possible. Thus, I suspect, we should be able to 
endure a $5 to $10 billion annual space bill without 
having to resort to controls, if this rate was built up 
gradually. (This build-up assumes no reduction in 
the military budget per se.) Furthermore, this number 
assumes no sharp disturbances in the economy—ap- 
proximately the same degree of stability and expansion 
experienced since World War II. 

It is undoubtedly true that a vigorous space pro- 
gram would compete strenuously for various skilled 
personnel, with other development programs. For 
example, in the case of manned space station develop- 
ment where a considerable aeromedical — human-engi- 
neering effort will be required, personnel might be 
absorbed who otherwise would be engaged in cancer or 
mental health research. (Of course, the space-asso- 
ciated medical research might increase our knowledge 
of the human being and lead to some very real im- 
provements in the treatment of any number of mun- 
dane, but nonetheless serious, earth ailments. Thus, 
this particular absorption of skilled personnel by a 
space station development program would not repre- 
sent a total loss from a social welfare point of view.) 

Some subsidization of universities and research 
organizations working in those areas losing out to 
heavily funded space exploration might be desirable. 
Presumably, in the long run, the higher income of these 
“sought after’ skill types would increase supply and 
solve this problem in the classic tradition. However, 
“price level’? adjustment requires entry into these 
skilled jobs and professions to be free. This necessarily 
raises some question about the adequacy of our educa- 
tional facilities to meet the incremental personnel 
requirements of an accelerated space effort and the 
various means of expanding their capability. 
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Utility and Economics 


Satellite Astronomical Observatories 


Emissions heretofore unsuspected from ground-based sludies have been revealed 
by recent high-altitude instrumented observations. Stabilized satellites will enable 
unobstructed views of celestial objects in most regions of the electromagnetic spectrum. 


Nancy G. Roman, Astronomy and Astrophysics Programs, NASA 


—— is a natural science to study in space inas- 
much as it deals exclusively and comprehensively with 
the universe beyond the earth’s atmosphere. 

But what can be gained from approaching the stars 
by 500 or even 500,000 miles when even the nearest one 
is more than 20 trillion miles away? A great deal, for 
the first 500 miles contain almost the entire terrestrial 
atmosphere. This atmosphere has always plagued as- 
tronomers. It has prevented observations of celestial 
objects in most of the regions of the electromagnetic 
spectrum and, even in those regions of the spectrum 
which are partially transparent, observations had to be 
made through murky, shimmering screens. 

The observations of the sun which were made from 
a balloon by the Princeton University astronomers were 
obtained with a small telescope, but were appreciably 
better than any similar photographs made on the 
ground. Observations from more stabilized satellites 
at higher altitudes should provide pictures of even finer 
resolution. 

Early rocket flights instrumented for observations of 
stars and the niglit sky in the ultraviolet have revealed 
large regions of emission which were unsuspected from 
ground-based observations. Satellite telescopes will 
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permit more detailed studies of the sky with higher res- 
olution and with greater sensitivity. The nature of 
these regions glimpsed in rocket flights should be under- 
stood more fully; similar surprises may be in store in 
other portions of the now hidden regions of the spec- 
trum. 

The NASA has organized three programs to provide 
for astronomical observations from satellites and rock- 
ets. One of these, the Solar Physics Program, is de- 
voted to obtaining as complete as possible an under- 
standing of the only star which we can observe in de- 
tail. Late this year, we hope to launch an Orbiting 
Solar Observatory. This satellite will embody a new 
concept in satellite instrumentation, by providing stabi- 
lization of the payload in space, not with respect to the 
earth, but with respect to nearly inertial space. Spe- 
cifically, a stabilization system is being designed and con- 
structed which will allow approximately 150 Ibs. of as- 
tronomical instrumentation to remain pointing at the 
sun with an accuracy of one minute of arc. The instru- 
mentation will be designed to obtain detailed spectra 
of the sun in the soft X-ray and far ultraviolet wave- 
lengths and to measure and monitor the X-ray emission 
from the sun. 
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In about 3 years, a larger satellite will contain more- 
advanced instrumentation for similar purposes, and 
possibly instrumentation for obtaining images of the 
sun in the far ultraviolet, for studying the solar corona 
in wavelengths not visible from the earth’s surface, and 
for studying the sun in wavelengths not previously ob- 
served. In addition, this satellite will be extensively 
instrumented to study the earth, its upper atmosphere, 
and the nearby regions of space. Particular attention 
will be paid to observations of those phenomena which 
are believed to depend on solar radiation. In the mean- 
time, rocket observations of the sun will continue. 


The Galactic Astronomy Program is devoted to ob- 
servations of celestial objects other than the sun from 
satellites and rockets in all regions of the electromag- 
netic spectrum except the radio region. It is hoped 
that late this year a satellite containing a gamma ray 
telescope will also be placed in orbit. This will pro- 
vide a map of the sky in the gamma ray region and 
should provide clues as to the origin of cosmic rays since 
gamma radiation travels through space in paths undis- 
torted by gravitational and magnetic fields. A gamma 
ray spectrometer is being designed for a later flight. 


An Orbiting Astronomical Observatory is being pre- 
pared for flight in about three years also. Like the 
Orbiting Solar Observatory, this represents a new con- 
cept in satellite design. It will also be inertially stable 
and is being designed to permit a telescope on board to 
point to a particular star within a fraction of a second 
of arc for periods as long as an hour. Moreover 
the instrumentation can be directed from one star 
to another by ground control. Finally, the system 
is being designed to be adaptable to a wide variety of 
astronomical instrumentation and to be used with minor 
modifications in later flights. Rocket flights are being 
conducted for preliminary measurements and tests, and 
laboratory and development work is being conducted to 
provide the necessary support for the interpretation of 
data and for advanced payloads. 


The Astrophysics Program is devoted to a better 
understanding of the physical processes in the universe. 
In addition to a Geodetic Satellite Project and a 
Relativity Investigations Project, the Radio Astronomy 
Project includes observations of the sun, interstellar 
and intergalactic material in that portion of the spec- 
trum in which coherent receivers can be used. The 
first work is being done in the region from 0.5 to 20 me. 
in which the ionosphere completely shields the earth 
from cosmic noise. At present, rocket experiments are 
in progress and satellite receivers are being designed for 
flight within the next three years. For the more distant 
future, we are beginning to consider the wavelengths 
shorter than one centimeter in which molecular absorp- 
tion prevents the detailed observation of the solar and 
planetary atmospheres. 


Dr. Roman is currently Chief of the Astronomy 
and Astrophysics Programs of the Office of 
Space Flight Programs, NASA. She received 
her B.A. at Swarthmore College (1946) and 
her Ph.D. in astronomy from the University of 
Chicago (1949). Following a short period as a 
Research Associate at Case Institute of Tech- 
nology, she returned to the Yerkes Observatory 
where she was on the faculty of the Depart- 
ment of Astronomy and Astrophysics of the 
University of Chicago. In October, 1955, Dr. 
Roman joined the Radio Astronomy Branch of 
the Naval Research Laboratory. She trans- 
ferred to the NASA as Head of the Observa- 
tional Astronomy Program in March, 1959. 


All of the work described thus far will be done within 
the next 5 years according to present plans. This 
symposium is devoted to a more distant use of satel- 
lites—a manned satellite. Astronomers are not yet 
sure which type of satellite will be most attractive for 
advanced astronomical observations—an artificial satel- 
lite or our natural moon. The radio astronomers have 
a mild preference for the moon because of the shielding 
it provides against terrestrial interference. However, 
all are agreed on one thing—the role of man in these 
satellites will be restricted to maintaining and modify 
ing the equipment. 

In order to make complete use of the high angular 
resolving power available for large telescopes beyond the 
terrestria] atmosphere, extremely accurate pointing is 
required; present estimates are that pointing within 
0.01” is possible and desirable. It is impossible for 
any satellite except the moon to provide this pointing 
accuracy in the presence of a man. Even on a 45{)-ton 
satellite, a man moving one centimeter would move the 
whole satellite by nearly a minute of are. Onthe moon, 
the cumbersome clothing and the requirement of a 
space helmet would prevent the use of a man for pre- 
cise observations. Photography would be possible with 
a man-attended telescope but astronomers hope that by 
the time a manned laboratory becomes available, elec- 
tronic imaging techniques will surpass present photo- 
graph capabilities. Nevertheless, the availability of 
men in a nearby laboratory is an advantage not to be 
underrated. And, if manned space laboratories are 
built, astronomers will be eager to make use of them. 
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Manned Space Flight (Continued from page 17) 


Onboard Control of Mission 


Onboard control of the mission is implicit in manned 
flight of any vehicle. This is particularly important in 
space flight where the duration of flight is great, where 
communication with earth may become tenuous, and 
where unknown and unpredictable situations require 
direct assessment and action. Even in the Mercury 
system, substantial reduction in complexity of the cap- 
sule requirements could have been achieved had the 
usual straightforward airplane-type approach been 
possible. Direct control by the crew does pose the 
usual problem of reaction times, onboard displays of 
guidance and navigational parameters, and such items 
as fuel reserve in relation to fuel requirements. Crew 
loading is also a factor. Present practice of multi-man 
crews for important complex missions would seem to 
carry over directly from airplane practice. 

It should be realized that use of the crew as an integral 
part of the flight control system would eliminate un- 
manned flights except, of course, during initial com- 
ponent development. 


Radiation in Space 


Our present knowledge of the radiation environment 
in space indicates potential hazard to man except for 
near-earth orbits. This danger may place a con- 
trolling restraint on our more ambitious space ventures. 
At present, the problem cannot be fully assessed. Re- 
cent efforts to evaluate the nature of this radiation have 
contributed much to our knowledge, but, as presently 
oriented, these efforts are primarily devoted to the 
measurement of the energy and charge spectrum of par- 
ticles in the radiation belts and in cislunar space. 
This work is essential but must be amplified and 
oriented more toward the determination of the biological 
effectiveness of the radiant energy and the effectiveness 
of various shielding materials. 

Flight research with living specimens is badly needed 
to assess the potential dangers to man. By their 
nature, experiments of this kind must be recoverable so 
that detailed study of the specimens can be made. This 
is particularly true in the assessment of cellular and 
neural damage which often only evidences itself many 
days after exposure. Very complete data of this type 
must be gathered before safe dosage criteria can be 
established. 


Environment for Extended Missions 


For advanced missions the space cabin and equipment 
would require considerable development beyond the 
Mercury system. Mission duration on the order of 
days to weeks would seem to make the pressure suit, at 
least as presently conceived, completely impractical. 
The breathing system probably should approach more 
closely the normal one atmosphere case. Re-entry 
acceleration after an extended weightless environment 


may prove to be a serious problem. Crew conditioning 
by exercise and re-entry acceleration control to mini. 
mum practical values may be required procedures. The 
problems of feeding, sleeping, and other bodily fune. 
tions will become very important factors. 


Modular Vehicle Concept 


It is not the intent of this paper to enter into the 
detailed design problems of future manned space sys. 
tems. There is one basic design concept, however, that 
has emerged from studies made by several groups which 
may have merit in future designs. This has been 
called the modular concept or modular approach. This 
approach appears attractive because of lead times and 
costs of obtaining qualified flight hardware. The 
situation is well exemplified by the approach taken in 
the booster program where various payloads are carried § 
by a given booster system. Thus Saturn is truly one 
of the modules or building blocks of the future manned 
flight system. 

Similarly the same approach may be attractive for the 
multi-man space vehicle. Crew stations during launch- 
ing and re-entry would be provided in one module 
which could be used for various missions. Escape 
capability, landing and survival capability, as well as 


command and communication functions would be con- F 


ducted from this point. Complete and detailed flight 
qualifications of this vehicle would be required. This 
module together with the booster would be recurring 
items. A third item, which might be called the “ca- 
boose,’’ would be carried along to provide housing for the 


crew on extended missions or for containing special 7 


scientific equipment. This caboose would be accessible 


to the crew but would not have to re-enter or have J 


escape capability. It could be varied to suit the par- 
ticular mission need. 


Concluding Remarks 


The foregoing paper has outlined some of the factors 


involved in the design of vehicles for manned space 
It should be realized that these concepts are F 


flight. 
dictated by the state of the art, particularly in the pro- 
pulsion field. Improvements in propulsion would have 
a profound effect all through the vehicle concept. Not 
only would it provide new horizons of feasible space 
missions, but it would reduce the need for such advanced 
state of the art in other fields as guidance, re-entry, and 
in multi-staged structural-mechanical systems. 
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NASA announces... 


THE TRANSFER OF THE DEVELOPMENT 
OPERATIONS DIVISION OF THE ARMY BALLISTIC 
MISSILE AGENCY TO THE NATIONAL 

AERONAUTICS AND SPACE ADMINISTRATION 


Dr. Wernher von Braun, director of the new NASA Marshall Space Flight Center in Huntsville, Ala., pictured with NASA’s Mercury Astronauts 


Dr. Wernher von Braun and his space team join NASA 


The National Aeronautics and Space Ad- NASA is now the largest civilian research 
ministration leads the nation’s efforts to organization in the United States. For details 
find, interpret and understand the secrets of about outstanding professional opportuni- 
nature as they are revealed in the laboratory ties, address your inquiry to the Personnel 


of space. Director of any of these NASA centers: 
This vigorous effort requires boosters for 

space vehicles which greatly exceed the ' 

thrust of any boosters currently available. — ee — Flight Center 

For this reason, the $100 million Huntsville ashington 25, D. C. 

plant, together with its famous space team, NASA Flight Research Center 

are being transferred to NASA. The new’ © Eqwards ene 

NASA facility in Huntsville will be known 

as the George C. Marshall Space Flight NASA George C. Marshall Space Flight Center 

Center. Huntsville, Alabama 


NASA National Aeronautics and Space Administration 


May 1960 + Aero/Space Engineering 


ning 
T 
une. 
} 
a 
| 
: 
‘ 2 
% 


Orbital Mission, presented at the IAS, 28th Annual Meeting, 
New York, N.Y., Jan., 1960 (IAS Paper No. 60-36). 

5 Faget, M. A., and Piland, R. O., Mercury Capsule and its 
Flight Systems, presented at the IAS, 28th Annual Meeting, New 
York, N.Y., Jan., 1960 (IAS Paper No. 60-34). 

§ Johnston, R. S., ““Mercury Life Support Systems,’’ pp. 1-15 
of Life Support Systems for Space Vehicles, presented at the IAS, 
28th Annual Meeting, New York, N.Y., Jan., 1960 (S.M.F. Fund 
Paper No. FF-25). 

7 Bond, A. C., and Kehlet, A. B., Review, Scope and Recent 
Results of Project Mercury Research and Development Program, 
presented at the IAS, 28th Annval Meeting, New York, N.Y., 
Jan., 1960 (IAS Paper No. 60-35). 

8 Kraft, C. C., Some Operational Aspects of Project Mercury, 
presented at Annual Meeting of Society of Experimental Test 
Pilots, Oct., 1959, Los Angeles, Calif. 

® Brewer, G. W., Operational Requirements and Training for 
Project Mercury, presented to Training Advisory Committee of 
National Security Industrial Assoc., Los Angeles, Calif., Nov., 
1959. 

10 Slayton, D. K., Capt., USAF, Status of Project Mercury 
From the Test Pilot’s Viewpoint, presented at Annual Meeting 
of Society of Experimental Test Pilots, Oct., 1959, Los Angeles, 
Calif. 


Atmospheric Entry (Continued from page 23) 


radiation cooling is possible. In this case insulation is 
necessary only on the manned capsule and not on the 
drag brake or lifting surface. Such a vehicle, pro- 
posed by Detra et a/.,* uses a large umbrella of stainless- 
steel mesh as a drag brake for orbital departure, high- 
altitude deceleration, and ultimate recovery. The 
relative weight of this drag brake (m/CpAc —™ 1.5) 
was estimated to be m,./m ~ 0.3 which compares 
favorably with the ablation-cooling systems (Fig. 2) 
when it is considered that this weight also includes the 
orbital departure and recovery mechanisms. 
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Design Criteria (Continued from page 25) 


purposes. The entire laboratory is launched into space 
in one unit, thus orbital assembly is not required. The 
capsule provides modulated lift and drag with a lift/drag 
ratio of 0.3. Solid propellant rockets provide escape 
capability during ascent and, in the standard case, the 
required impulse to initiate the return maneuver. The 
aerodynamic shroud will provide meteorite protection 
for the capsule surface in orbit. The center cylinder is 
an emergency small-volume airlock from which escape 
into the capsule will be possible. The power plant con- 
sists of two independent systems with a solar mirror 
and Rankine closed-cycle mercury-vapor turbine gener- 
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ator. Emergency battery power used for shadow times 
is provided. Overall power output is about 25 kw, 
The collectors are parabolic mirrors which are folded 
out after reaching the orbit. The propulsion system 
with a thrust level of about 1,000 to 6,000 Ibs., using 
storable or any other suitable propellant, will provide 
the necessary power for changing the orbital altitude 
and/or inclination. Also, rendezvous maneuvers can 
be exercised. Attitude control will be provided by a 
monopropellant nozzle system for large momentum re- 
quirements and by a fly-wheel system for normal atti- 
tude control, when smaller perturbations occur. Com- 
munication equipment including a television system and 
standard life-support equipment is included. 

The total weight of the orbital laboratory is in the 
60,000 Ibs. class; it can be adjusted in a wide range, 
however, by being more or less selective in the equip- 
ment and by varying the number of the crew. The 
minimum payload capability required for a laboratory 
of this size is about 40,000 Ibs. 

The study offers the following conclusions: 

(1) The nonrotating earth-assembled manned labo- 
ratory is the next logical and decisive step in the de 
velopment of orbital operations. 

(2) The project of a manned orbital laboratory, as 
envisioned in this paper, is technically feasible as soon 
as carrier vehicles become available which can lift pay- 
loads in the order of 40,000 Ibs. into a 96-min. orbit. 

(3) An orbital system consisting of two manned 
laboratories in 96-min. orbits of different inclinations, 
supplemented by a number of instrumented smaller 
satellites in various orbits to include a system of three to 
four stationary 24-hour orbit combined communica- 
tion-meteorological satellites, should satisfy all foresee- 
able civilian requirements in orbital operations for the 
time period of 1965 to 1970 and possibly longer. 

(4) It is expected that such a combined and inte 
grated operational earth satellite system not only is 
economically feasible but will pay a great part of the 
expenditures anticipated by its commercial applications. 

(5) Overall costs for manned laboratories can be con- 
siderably reduced by part-time occupancy, provided 
the design is compatible with this requirement. 


* * * 


A Modular Concept (Continued from page 31) 


original space station and the personnel complement, it 
was decided to design a vehicle which would normally 
carry one pilot and six passengers, with emergency pro- 
vision for more passengers. The Astrocommuters 
transport all personnel; for the initial flights, Astro- 
tugs will be sent up along with them, and each such 
pair will comprise a single booster payload. A transfer 
section will connect the aft end of a personnel carrier 
and an Astrotug, so that when the vehicles are in orbit 
the men can immediately transfer to a tug and com- 
mence working. 
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Sometime in the 60’s, America may have a 
manned station in space —and it could look a 
lot like this scale model by Lockheed. 


We have much to learn before it can be built. 
Research is our stairway to space—basic 
research that seeks to discover the new rather 
than develop the known. We cannot predict what 
such research will discover, or when—but we 
delay it or curtail it at our peril. 


LOCKHEED 


Today, at Lockheed’s Missiles and Space Divi- 
sion, more than 5,000 scientists and engineers 
are engaged in one of U.S. industry’s broadest 
research and development programs. One group 
is conducting private industry’s largest, most 
diversified program of fundamental research in 
space physics. Already they have made massive 
contributions to America’s space technology— 
particularly in the Discoverer, MIDAS, and 
Samos satellite programs of the U.S. Air Force. 


MISSILES & SPACE DIVISION 


Sunnyvale, California 
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Table 1. Development Cost Estimate 


(millions) 

Space station and subsystems $ 334.2 
Boost vehicles 418.6 
Astrotugs 36.2 
Astrocommuters 135.0 
Dress rehearsal 35.4 
Launch base 200.0 
Total $1,159.4 


A considerable amount of equipment for this system 
is currently in use or under development in missiles, 
aircraft, or submarines. The development cost of all 
equipment presently unavailable has been estimated, 
although it is recognized that some items may be avail- 
able “‘off the shelf” by the time they are required for 
this program. Table 1 is an indication of what the 
development costs for a program such as this would be. 

It should be noted that the vehicles developed for 
this project may be utilized for other systems. The 
Astrocommuter has many obvious uses. The Astro- 
tug, which may be boarded from an Astrocommuter, 
would be of value for any on-orbit assembly work. 
Of course, the space station itself could perform many 
missions by a change in equipment, and may be ex- 
panded as previously indicated. 


* * * 


MSOL (Continued from page 27) 


The MSOL is divided into three functional compart- 
ments separated by aluminum alloy honeycomb bulk- 
heads with airlocks. Cylindrical airlocks are provided 
at each end of the vehicle for ingress and egress and to 
serve as space environment test chambers. The top 
deck is a control center and maintenance area. The 
center deck contains medical, chemical, and biological 
laboratories, as well as living quarters. The lower deck 
contains the geophysical and astrophysical labora- 
tories, including a 28-ft. focal length telescope using a 
retractable, parabolic mirror. Antennas and other ex- 
ternal sensing devices are also retractable, with pressure 
shell apertures minimized by time-sharing of experi- 
ments. 

Cabin atmosphere is supplied by liquid oxygen and 
nitrogen-at 10 psia total pressure. Oxygen partial 
pressure is maintained at sea-level value (158 mm. Hg), 
and the remaining cabin air gases are controlled as 
follows: CO. (8 mm. Hg)—lithium chloride absorbers; 
H.O (5 to 12 mm. Hg)—viny] sponge and filter system; 
odor—charcoal filters. Air conditioning units (one 
per deck) will continuously circulate 70°F. air. 

To maintain the cabin walls at 60° to 90°F., a wall 
heat distribution system based on water-filled tubes 
attached to and encircling the cabin wall was selected. 
A number of !/,-in. tubes are manifolded into one tube 
bank and interconnected between two water reservoirs 
with pumps. The system will transport up to 100,000 
B.t.u./hr. from the hot wall to the cold wall at an in- 
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coming flux up to 500 B.t.u./ft.”-hr. Approximately 
350 Ibs. of water, 275 Ibs. of hardware, and 500 watts 
of power are required. System operation is automatic, 
The water reservoirs act as heat sinks for the air con. 
ditioners. 

An abbreviated weight statement of the complete 
MSOL is presented in Table 1. 


Performance and Control 


First and second stage flight will proceed on a typical 


powered trajectory, and during the subsequent coasting 


period the MSOL will ascend to the nominal orbital J 


altitude of 400 miles. A programmed third stage will 
produce the velocity vector required for proper orbital 
injection. Based on the selected apogee and perigee 
limits of 450 and 350 miles, the random allowable in- 
jection errors of +0.5°Ay and +50 ft. per sec. AV are 
within practical limits. 

The orbital period is 97.2 min. Total earth coverage 
is obtained in 12 hours and total sunlit earth coverage 
is obtained in 1 day, or near 15 orbital revolutions, 
with a required viewing angle varying from 0 to 75 deg. 
Each of the planets will be observable at any time 
during the year for periods in excess of one-half hour up 
to continuous observation. The sun will be continu 
ously observable for 52 days twice a year, varying down 
to a minimum of 1 hour’s observation per orbital 
period for the remaining time. 

Since astronomical experiments are of long-time dura- 
tion relative to the frequent but considerably shorter 
duration of geophysical observations, a fixed-space 
attitude was selected. 

Three types of perturbations will disturb the MSOL 
attitude in orbit. These forces arise from crew move- 
ments, external periodic forces such as gravitational 
torques, and random impacts such as those occurring 
during rendezvous. A system of bang-bang 25 lb. 
thrust nozzles would be capable of holding the MSOL 
to within + 1/2 deg. pitch and yaw and +3 deg. of roll. 
Approximately 30 lbs. of H,O2 per day are required. 
During periods of restricted crew motion the angular 
errors could be less than 0.02 deg. A separate stable 
platform employing vernier attitude control would be 


Table 1. 

Re-entry vehicle (including crew and cargo) 8,000 
MSOL structure 6,570 
Cabin-conditioning system 1,900 
Food and water 756 
Crew accommodations 2,000 
Electronics (navigation, guidance, communica- 

tion, etc.) 1,900 
Attitude control system 730 
Computers and tapes 650 
Electrical 1,000 
Hydraulics 300 
Instruments 300 
Astrophysical equipment 1,200 
Medical equipment 3,900 
Chemical equipment 1,200 
Geophysical equipment 1,400 
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Completely fail-safe, this lightweight pack- 
age is the only cartridge starter capable 
of full containment of a wheel hub burst. 
8,000 The AiResearch starter is extremely 
flexible and compact, making it easily 
756 adapted to any jet engine envelope. For 
2,000 example, the same starter now used on 

the Hound Dog missile can be delivered 

730 immediately for use on the B-52 itself. 
630 This self-contained, aircraft-installed 
1,000 Starting system provides quick, dependable 
300 starts in any climate or 
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Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


AIRESEARCH’S CARTRIDGE/PNEUMATIC STARTER has completed more than 20,000 
successful cartridge starts for the F-100, F-105 and Hound Dog missile applications. 


location by means of high temperature 
cartridge gases or low pressure air such as 
supplied by an AiResearch gas turbine 
serving as an onboard pneumatic power 
source or conventional ground support unit. 

The starter consists, basically, of an air 
turbine starter and a removable solid pro- 
pellant cartridge chamber. Combustion of 
the cartridge directs high pressure gas 
against the turbine wheel, turning the out- 
put shaft. Overspeed is controlled by aero- 
dynamic braking action of air compressed 


SPECIFICATIONS: 
Dry weight (not including cartridge) 


Operating temp. 
Chamber pressure normal operation .................... 850 psi 


Safety plug diaphragm burst pressure ................ 2000 psig 
(nominal) 
PNEUMATIC STARTING 
Operating air pressure and temp. ............ 50 psia and 350°F 
(nominal) 
Operating ait NOW 100 Ibs per min (approx) 


60.0 Ibs (approx) 
CARTRIDGE STARTING 


by radial blades on the other side of the 
turbine wheel. 

This simple system consists of proven 
components with many thousands of hours 
of successful operating history. The 
pioneer and leading manufacturer of air 
turbine starters of all types for both 
military and commercial application, 
AiResearch has more than four years of 
cartridge experience and 12 years’ experi- 
ence in pneumatic starters. 

Your inquiries are invited. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
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SOUTHWEST 


SELF-ALIGNING BEARINGS 


PATENTED U.S.A. 
World Rights Reserved 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 

Stainless Steel Ball ond Race { For F.). 

Chrome Alloy Steel Ball { For types operating under high radial 

and Race ultimate loads (3000-893,000 Ibs.). 

Bronze Race and Chrome { For types operating under normal loads 

Steel Ball with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551.Address Dept. ASE60 


SOUTHWEST PRODUCTS 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIJ 


Send A Free Copy To 
Your Engineering Associates 


| AERO! SPACE ENGINEERING 


| 2 East 64th Street 
| New York 21, N.Y. 

! Please send, without charge, a copy of AERO/SPACE 
| ENGINEERING with my compliments to the persons 
listed below: 
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required for some of the astronomical observations. 
However, an additional control system employing 
nozzles in conjunction with three flywheels could main- 
tain the MSOL to within 0.001 deg. 

It is planned to rotate the crew (of 4 to 6 men) every 
2 to 4 weeks. The vehicle bringing the replacement 
crew would also bring equipment, food, and other 
supplies and would remain attached to the MSOL 
for the crew’s tour of duty serving as a re-entry or escape 
vehicle. Rendezvous launch times will be restricted to 
a few minutes every day. 


Conclusion 


The foregoing abstract presents briefly an outline 
representation of a vehicle suitable for use as a 4- to 
6-man developmental and scientific orbital laboratory. 
Research and development work is continuing on ma- 
terials and techniques for pressure sealing, viewing 
ports, controls, hatch and airlock design, re-entry, life 
support, and rendezvous problems. The studies to 
date indicate that the unit-launched, multi-manned 
laboratory is a feasible and necessary step in the pro- 
gression toward operational manned space vehicles 


* * * 


Selection of a Space Station Concept 


(Continued from page 29) 


ing one space system. Payload costs are not included. 
The advantage of using a booster for other programs is 
also shown. These curves reflect the prorating of 
facilities and R&D costs over an additional 100 
launches. 

The attrition of boosters and payloads is a function of 
reliability and the number of launches required. Con- 
siderable conservatism has been used in this study in 
providing extra weight of components for assurance of 
assembly in orbit. No attrition or backup system is 
assumed in the earth-assembled unit. A number of like 
boosters and modules are required for orbital assembly. 
This permits the use of production methods with ac- 
companying cost advantages. 


Conclusion 


Both concepts have their advantages and disad- 
vantages. Review of both qualitative and quantitative 
factors favors orbit assembly. 


* * 


Atmosphere Control (continued from page 41) 


Oxygen candles’ have been made in large quantities 
for many years, and recent developments have im- 
proved efficiency and reliability. Oxygen candles 
consist essentially of sodium chlorate and oxidizable J 
substances, usually iron, and produce oxygen by the 
thermal decomposition of chlorate induced by the heat 
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From General Motors... Temperatures Made to Order 


NEW AERO COMMANDER 500 


DELIVERS 1100-MILE NON-STOP 
her RANGE ...HARRISON OIL COOLERS 
GUARD ENGINE TEMPERATURES 
1 to 
Going up . . . and getting down to business! It’s the new 
Aero Commander 500, the ideal way for the modern 

businessman to travel. This sleek, ultra-modern executive 
line transport is fleet, maneuverable and comfortable. 
iho And Harrison oil coolers get the call to maintain safe, 
pe steady engine temperatures. Guarding vital operating 
wing temperatures on today’s advanced aircraft is a 
- life FL Harrison specialty. It requires the engineering skill, long 
s to ~ experience in the heat-transfer field and the research 
sani CAF ' LEV facilities that back every Harrison product. So, if you 
7 TEM PERATI RE have a cooling problem, rely on Harrison for the answer. 
airs. Harrison Aircraft Oil Coolers—A Quality Product of General Motors Research 
uded. GM PRODUCT RELIABILITY ... 
ms is THE KEY TO GREATER VALUE! 
ig of 
| 100 
ion of 
Con- 
dy in 
nce ol 
rem. is 
of like 
smbly. 
th ac- 
disad- 
itative 


41) 


TEM 
‘ties S Mave To OROEF 
an tities 


ve im- 

idizable 

by the AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 
he heat ‘ 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 


May 1960 + Aero/Space Engineering 95 


ns. 
1 
ng 
un- 

q 

4 


generated by the oxidation of the iron with some 
oxygen. 

Candles have a specific gravity of approximately 2.5 
and evolve approximately 40 per cent of the weight as 
oxygen. This means that a candle has a volumetric 
oxygen density roughly equal to liquid oxygen. 


Regenerative System 


Photosynthetic gas exchangers have been under 
accelerated development for a number of years. The 
advances in this field made by the School of Aviation 
Medicine, the National Institutes of Health, the 
Electric Boat Division of General Dynamics, the 
University of Minnesota, the University of California, 
and the Martin Company are noteworthy. 

It has been estimated that 7.5 kw. and 700 lbs. of 
gadgetry will be required per average man if the algae 
system is used. Other estimates have been made that, 
after considerable research and development, the power 
requirements per man will approximate 1.3 kw. and the 
weight 74.6 Ibs. 

Certain chemical methods* ° of regenerating meta- 
bolic by-products have been suggested and investigated 
since there exists the possibility that the advantages of 
the chemical methods may outweigh the advantages of 
photosynthetic regeneration of metabolic products. 

Recently, the adsorption of CO, in a molten mixture 
of lithium carbonate, lithium monoxide, and lithium 
chloride, followed by the electrolysis of the melt, has 
resulted in the production of 100 per cent oxygen at the 
cathode and 33'/; per cent oxygen and 667/; per cent 
CO, at the anode. The electrode reactions are: 


Cathode: 2 Lit + 2e— 2 Li (4) 
2 Li + 2 LigCO; > 3 LiO + 2C + 

3/2 O2 (5) 

Anode: CO;= ~ C + 3/2 O2 + 2e (6) 


No impurities such as chlorine or carbon monoxide are 
found at the anode by the use of detector tubes sensitive 
to ppm contamination. 

Calculated energy input shows this regenerative 
cycle will require 7.5 kw. for a system to regenerate the 
CO, produced by ten men. This requirement for 
power is lower than that of other systems under in- 
vestigation at this time. 


Contamination Removal 


In any sealed cabin system containing humans and 
many instruments, there will arise trace contaminants 
which can exert a harmful effect on the occupants.” 
Submarine atmospheres have been cleaned of con- 
taminants arising from the occupants, machinery, and 
instrumentation by catalytic oxidation of the con- 
taminants. 
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Ecological System (Continued from page 43) 


The average man produces 4 Ibs. of urine per day, 
and this is purified by a distillation system similar to the 
temperature control system. A centrifugal boiler re- 
quiring 300 watts of electric power to distill 20 Ibs. of 
urine (obtained in one day from a crew of five) is con- 
nected to the cold (40°F.) condensor panel where the 
condensate is trapped and separated by a centrifugal 
air-water separator. Activated charcoal is rejuvenated 
by applying heat and exposure to the vacuum of space. 
Although one unit is required, three urine distillation 
units have been provided, one unit as a backup and the 
other to handle an increased volume. 

An analysis shows that the power requirements for 
the space station would be less than 5 kw., and this 
has been satisfied by the use of a solar turboelectric 
power system which weighs approximately 100 Ibs. A 
backup system of solar batteries has been provided in 
the event of an emergency and this would give 1 
kw. power for a system weight of 250 Ibs. 

The Douglas space station is designed to maintain 
moderate sea-level conditions, and an attitude control 
system will ensure a stable weightless platform. A 
combination of inertial wheels supplies low torque, and a 
set of low-thrust gas jets should give adequate attitude 
control. Two thousand pounds have been allocated 
for this system. 

Station structure is a 1-in.-thick honeycomb con- 
figuration consisting of an outer face of 0.02 magnesium, 
an interface of 0.02 magnesium with a 0.001 1/4 cell 
aluminum core, at 1.43 Ibs. per sq.ft. Pressure is 
maintained in the compartments by airtight self-sealing 
double-walled elastomer or Mylar bags. 

Equipment includes communication apparatus, ex- 
perimental and testing devices, cabinets, environmental 
and warning sensors, etc., assumed to weigh 3,000 Ibs. 
(75 cu.ft. at 40 Ibs./cu.ft). Another 500 Ibs. have been 
allocated fo. lightweight interior furnishings like seats, 
displays, washing, sanitation, sleeping, and recreational 
facilities. 
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TIROS WEATHER SATELLITE IN ORBIT 


Allied Research System Key To Interpretation 


With the launching of TIROS, the United States makes a significant 
contribution to world meteorology. Satellite telemetered pictures 

are being studied for potentially useful weather forecasting information 
by scientists from key governmental activities and Allied Research. 


Allied Research assisted in training personnel at the data gathering 
stations which transform satellite data with photogrammetric grids to 
cope with problems produced by the spin and orbital motion of the 
satellite and by the curvature and rotation of the earth. In this procedure 
scientists employ methods developed by Allied Research. 


Meteorological interpretation and techniques for transmission of TIROS 
data are other areas in which Allied Research contributes. 


Creative scientists at Allied Research are probing many areas of 
meteorology, studying infrared satellite observations, upper atmospheric 
soundings and radar surveillance. 


Characteristically, Allied Research works on the frontiers of knowledge 
and would welcome inquiries from well qualified technical people 

who wish to join its expanding team. Contact Personnel Manager, Allied 
Research Associates, Incorporated, 43 Leon Street, Boston 15, Mass, 


Allied Research work done under contract to 
Geophysics Research Directorate of the Air Force Cambridge 
Research Center. TIROS project sponsored by NASA. 
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Active and passive thermodynamic environmental 
control systems were studied. A passive system was 
selected because it requires no complex refrigeration 
machinery, thereby improving reliability while keeping 
power requirements at a minimum. The influence of 
radiation and irradiation upon the performance of a 
passive system cannot be overemphasized. Irradiation 
of the station by the sun is the major external source of 
heat energy. Values of emissivity E and absorptivity 
a must be determined to attain the desired vehicle 
temperature and may be presented as a ratio, a/E. 
Magnesium alloy has a a/EF ratio of 4.29, while ZnO 
(white paint) is only 0.186. The internal heat genera- 
ted by the crew and equipment can be removed by cir- 
culating air over a basically cold radiator panel. 

Assuming that an average man will operate at normal 
activity (3,000 kcal. per day), he would consume 2 lbs. 
Oz, liberate 2.5 Ibs. COz, and require 5.7 Ibs. HzO and 2 
Ibs. dry food daily. Although there are many ways 
of controlling the space station atmosphere, KO, will be 
utilized as the primary oxygen source and CQ, ab- 
sorber. This system will be backed up by a high- 
pressure 3,000-psi oxygen system and a LiOH carbon 
dioxide absorber. The 3,000 Ibs. of KOs should liberate 
1,000 Ibs. of oxygen which would be sufficient for five 
men for the 100-day mission. The KO: system would 
also be capable of absorbing 800 Ibs. of COs, but, since 
the CO, is generated at 2.5 Ibs./man/day, LiOH is 
utilized to take up the balance of the CO, generated. 
LiOH absorbs CO, on a pound-for-pound basis; there- 
fore, 450 Ibs. of LiOH would be required to balance the 
KO, system. In addition, for safety purposes, we 
would carry 375 Ibs. of LiOH which is a 30-day supply 
for the five-man crew. KO, will control the odors 
generated in the compartment. This system will be 
backed up by activated charcoal. 


* * * 


Meteoroids (Continued from page 45) 


probability for a vehicle depends on the damaging hit 
rate and exposure time. Since the hit rate varies as 
the inverse cube of penetration depth, the survival 
probability can be expressed by 


P = 


where 7 is the exposure time, .1 the vehicle surface area, 
and P the penetration which can be withstood. The 
constant K depends on the actual momentum hit rate, 
the penetration-momentum relationship (including 
meteoroid density), and the earth shielding factor. 
With the hit rates and penetration equation used in this 
paper, the design curve which results for aluminum is 
shown in Fig. 2. 

The designer can then use the design parameters of (1) 
desired survival probability, (2) surface area, and (3) 
design lifetime to find the penetration depth which the 
structure must successfully tolerate. 

As an example, consider a vehicle the size of the fuse- 
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lage of a large jet airliner, with a surface area of 4,500 
sq.ft., orbiting the earth. If the desired lifetime is one 
year with a 90 per cent survival probability, Fig. 2 
indicates that a crater depth of about 1/, in. must be 
withstood. It is not clear what wall thickness would be 
required to prevent puncture in this case, but 1.5 to 
2 times the crater depth might be required, or up to '/, 
in. With a double wall, total required thickness might 
be only 30 to 40 per cent of crater depth, or around '/; in. 
If the wall were designed only for pressure stresses from 
one atmosphere, wall thickness would only need be 
about 0.04 in. 

Thus, meteoroids may affect design of space struc- 
tures, particularly large structures with long lifetimes. 
However, many aspects of the problem remain to be 
resolved. In addition to knowledge of the meteoroid 
environment and simple impact effects, some of 
these are oblique impact, single and multiple shields, 
behavior of various materials including composites, 
sealants and double wall-sealant designs, coatings, and 
the behavior of stressed structures after cratering or 
puncture. 
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Inflatable Manned Orbital Vehicles 


(Continued from page 49) 


Advantages 


(1) Availability of low-density orbit configuration. 
The high-density launch configuration will cause fewer 
structural and control problems for the composite 
vehicle during injection. 

(2) A means of adding to existing stations of either the 
rigid or inflatable types. 

(3) Type of construction will have fewer joints than a 
built-up metal structure. 

(4) Utilization of inflatable structures will allow 
greater useful payload with the same booster. 

(5) Type of hole caused by meteorite penetration 
probably will be more easily sealed. 


Disadvantages 


(1) Behavior of rubberlike materials under meteoritic 
attack is extremely uncertain. 

(2) Inflation procedure for a flexible skin with in- 
ternal equipment is complex; reliability would have to 
be given very careful consideration. 

(3) Much existing equipment would require repack- 
aging to be utilized most effectively in the dense launch 
configuration. 

(4) Temperature control is more difficult than for a 


Table 1. Effect of Payload Length and Weight on Booster 


Structure 


Pay- Booster 
load Booster Booster Payload Payload Bending 
Booster Type Length Weight Length Weight Moment 


I 1.00 1.00 0.18 0.11 0.80 
I 1.00 1.00 0.59 0.11 1.00 
I 1.00 1.00 0.10 0.04 0.68 


II 
II 


1.00 1.00 0.10 0.02 1.00 
1.00 1.00 0.20 0.03 1.08 


solid vehicle since temperature of the plastic materials 
must be controlled within close limits. 

(5) Complete loss of pressure will cause loss of struc- 
tural stability of the station. 


* * * 


Thermal Control (Continued from page 53) 


The quality of the control provided will be improved 
if the heat flow through the wall can be measured di- 
rectly. In addition, it may be desirable to measure the 
outside surface temperature of the protection system so 
that it will be possible to anticipate the heat flow which 
will result from a change in the thermal conductivity of 
the system. Since the thermal-protection system is 
divided into sections, each section should have its own 
set of sensing elements and values and its own criteria 
for deciding upon desirable control action. To achieve 
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this sectional independence, the supply and exhaust 
manifolds could be made to communicate with each 
section. 
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* * * 


Nuclear and Solar Power Systems 
(Continued from page 55) 


collector or a telescoping boom and might disturb the 
hydrodynamic behavior of a two-phase fluid in a 
Rankine cycle heat engine. 

It appears desirable to start up a nuclear reactor after 
injection into orbit in order to assure safety during 
the launch phase and to avoid the necessity of shielding 
the crew against air-scattered radiation. Radioactive 
fission products must be prevented from returning 
through the atmosphere and possibly landing in 
hazardous concentrations at a random location. Pos- 
sible solutions include burnup of the reactor on re-entry 
in order to scatter fission products in the upper atmos- 
phere, or the use of a rocket to send a spent reactor 
on an earth escape trajectory. 

There is a desire to develop power systems which are 
less expensive than silicon cells, which would cost about 
$600,000 for a 3-kw. satellite power system. It is 
probable that solar-heated or nuclear-heated systems 
will be less expensive to produce. 


Conclusions 


For missions exceeding about one month in duration 
and requiring several kilowatts of electrical power, 
solar or nuclear power systems will weigh less than 
chemical power systems. The SNAP II reactor-turbo- 
electric system is well along in development, although 
questions of nuclear safety, power conversion system 
reliability, and mission compatibility remain to be 
answered. The safety advantages and absence of 
shielding requirements for solar power systems make it 
worth while to develop a reliable and economical 3-kw. 
solar power system for application in manned space 
vehicles. The choice between a solar or nuclear power 
system for a power level of 3 to 30 kw. must be based 
on a detailed consideration of the specific mission re- 
quirements and the limitations imposed by the ve- 
hicle and the operational environment. 
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Attitude and Flight Path Control 


(Continued from page 69) 


control is provided by firing reaction jets in the same 
direction on both sides of the center of gravity. Using 
yaw jets, the pilot can translate sideways, and using 
pitch units, up and down. Beside the jets, three 
reaction wheels are also used. These were introduced 
to improve the accuracy of attitude control with various 
types of nonlinearities assumed for the valves control- 
ling reaction units. With one type of nonlinearity, 
very likely to occur in actual application, the inertia 
wheels serve also to prevent limit-cycle oscillation 
resulting in waste of fuel. (The details of this investi- 
gation are presented in the full paper and are beyond 
the scope of this condensed version.) Initial design 
was performed with the aid of linear analysis. An 
extensive analog simulation was used to investigate the 
nonlinear aspects of the system and suitability to 
manual control. Results of a typical three-axis 
simulation showing the effect of inertia wheel cross 
coupling during a manually performed 180° change in 
yaw attitude are shown in Fig. 1. As can be seen from 
the traces of pilot’s control grip deflection and change 
in yaw attitude, the control is very easy and accurate. 
It is also worth noting that this performance was reached 
with practically no training. The maneuver was com- 
pleted in about 60 sec. The vehicle weight in this case 
was 22,000 Ilbs., moment of inertia in yaw 150,000 slug 
ft.*, and the maximum thrust of jet units 200 Ibs. The 
cross coupling was due to 100 rad./sec. pitch wheel ve- 
locity at the time the manual maneuver began. The 
transients in pitch and roll axes were eliminated, without 
the jet units cutting in, in about 100 sec., with maximum 
deviation in roll of about 1.5°. Fuel consumed 
(H.O2) was approximately 10 Ibs. 


Flight Control System for Atmosphere Flight 


The most important requirement for this system is 
to assure repeatability of acceptable structural tempera- 
ture time history during re-entry. The maximum 
temperature reached during the descent should be 
affected as little as possible by such unpredictable 
factors as, for example, nonstandard atmospheric 
conditions. Further requirements are to provide 
adequate damping of short-period oscillations about 
three axis and damping of the long-period ‘‘skipping” 
oscillation. In uncontrolled descent at constant angle 
of attack, short-period oscillations are divergent 
during some portions of the trajectory. It is desirable 
also to provide for emergency manual control. 

Since the equations of motion and aerodynamic 
characteristics of the vehicle are nonlinear, most of 
the investigations were performed using an analog 
computer. The ‘effective’ altitude of re-entry—that 
is, an altitude above which the aerodynamic forces 
are not significant for this configuration—was estab- 
lished with the aid of a digital computer to be about 
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ALTITUDE , NAUTICAL MILES 


RANGE 1000 N MILES 


Fig. 2. Comparison of trajectories for uncontrolled descent with pitch and 
bank controlled by temperature rate feedback. (Single retro re-entry 
from 300 nautical miles, y = —1.5°.) 


60 nautical miles. Analog simulation used was continu- 
ous from 60 to 30 nautical miles in altitude and 26,- 
100 to 4,000 ft./sec. in velocity; it included trajectory 
equations, as well as short-period dynamics of the 
craft. Since air density changes by an order of 
magnitude approximately every 7 nautical miles, the 
sealing of the problem for the analog computer presents 
considerable difficulties. To assure accuracy of re- 
sults, frequent checks were made with the solutions 
obtained from IBM 709 computer. 

The descent of a lifting craft is very much affected 
by the initial conditions at re-entry. The most 
important of these are the inclination of the flight path 
to the local horizon, velocity, and angle of attack. 
A range of flight path angles between 0 and —3° 
was investigated. The maximum design angle of 
attack used was 45° corresponding to L/D = 1. 
The study has shown that entry velocities in excess of 
local circular velocity at re-entry altitude (60 nautical 
miles) result in lower maximum temperatures than 
entries with local circular velocity. From vehicle 
design point of view, excess velocity entries have then 
an obvious advantage since they follow from a simple 
single retro deorbiting technique using about 50 per 
cent less fuel than local circular entries. (This aspect 
of the problem is discussed in greater detail in ref- 
erence 1.) Because of these considerations, most of the 
cases investigated were entries resulting from a single 
retro in the orbit. 

A typical uncontrolled trajectory for flight path 
angle at 60 nautical miles equal to —1.5° is shown by a 
chain line in Fig. 2. The evident, poorly damped, 
skipping oscillation is due to the unbalance of forces 
in the vertical direction (along the radius of Earth). 
At the bottom of the skip, the centrifugal force plus 
aerodynamic lift are greater than weight and the 
vehicle skips out. Clearly then to damp this oscil- 
lation, a control action is required which will eliminate 
or reduce the unbalance of forces acting on the vehicle. 
The control system also should not come into opera- 
tion until the bottom of the first pull-out was reached 
because maximum temperature is minimized by initial 
descent at maximum available lift. 

It was found that flight path control system based 
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on feedback of rate of change of skin temperature 
(patent applied for) at stagnation point fulfills these 
requirements. Briefly it operates as follows: Prior 
to re-entry the aircraft is pitched to the attitude corre- 
sponding the highest available angle of attack. During 
the initial part of re-entry, the temperature rate is 
positive and the control signal is so set up that it 
demands more lift which is unavailable because of 
limits imposed on trim angle of attack. Immediately 
following the first pull-out, the temperature rate 
reverses sign and demands decrease in the vertical 
force thus preventing the skip-out. The decrease in 
the vertical component of the aerodynamic force can 
be achieved (1) by decreasing the lift itself or (2) by 
tilting the lift vector in a plane perpendicular to the 
flight path. These two different methods lead to two 
different control system modes—(1) pitch control 
mode in which the temperature rate is fed back into 
the elevators or (2) bank control mode in which the 
temperature rate is fed back into the ailerons. Both 
modes were investigated in considerable detail, and in 
Fig. 2 the resulting trajectories are compared to the 
uncontrolled re-entry. As can be seen, the skipping 
oscillation is very well damped; at the same time, the 
two modes of control lead to very different ranges of 
descent. By properly mixing pitch and bank control, 
in the example case, any range between 4,700 and 
11,000 nautical miles can be obtained. Bank mode 
also provides the possibility of maneuvering laterally 
to the plane of the orbit up to +700 nautical miles. 
This large maneuverability in the atmosphere can be 
used to great advantage in the design of the navigation 
system. The short-period oscillations in this design 
are damped using pitch rate and roll rate feedbacks 
plus a novel feedback of differential temperature rate 
(between the two leading edges) into rudder. (The 
reader is referred to the unabridged version of the 
paper for full details of this remarkably performing 
system.) Adequate stability and control is achieved 
with aerodynamic controls only from 60 nautical 
miles down, and the gains in all the loops can be kept 
constant throughout the descent in spite of the enor- 
mous variation in air density and craft velocity. The 
temperature time history is very little affected by the 
nonstandard atmosphere conditions. Since the sys- 
tem utilizes only rate signals, it is independent of a 
possible drift in the attitude reference. 

The performance of the differential temperature 
loop was compared with a system based on lateral 
acceleration and found much less critical in terms of 
required dynamic response of system components. 
The functional design presented should result in simple 
and therefore reliable hardware. Investigations cur- 
rently conducted indicate that a manual emergency 
mode of re-entry will be feasible. 
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engineers test three-axis 
stabilization system. Lamp 
simulates Sun. Similar sys- 
tem will assure station-keep- 
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Progress space vehicle navigation 


As space vehicles probe further and further away 
from the Earth, and as their missions become 
more and more complex, the need for accurate, 
high-precision space navigation and control 
becomes increasingly vital. 

General Electric Missile and Space Vehicle 
Department engineers are now developing and 
testing space vehicle control equipment for the 
24-hour-orbit communication satellite program. 
They have already designed and flight-tested on 
space vehicles a three-axis stabilization system as 
well as orbit computation and correction tech- 
niques. Using the Earth and Sun as reference 
points, this MSVD three-axis system successfully 
controlled the attitude in space of U.S.A.F. Atlas 
and Thor re-entry vehicles during a major portion 


of their ballistic flights. The control accuracy at- 
tained on these flights could be duplicated on 
flights further into space, using other planets and 
stars as check-points. 

For more information about MSVD’s space 
navigation and control work for the Air Force 
and its other contributions to U.S. space 
technology progress, write to Section 160-73, 
General Electric Missile and Space Vehicle 
Department, Philadelphia 4, Pennsylvania. 
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Integrated Thermodynamic Systems 


(Continued from page 57) 


plot of m as a function of mission time for the case that 
compares the weight requirements for a completely 
regenerative space ecology* utilizing power from a cen- 
tral nuclear turboelectric unit and the weight required 
for a storage-type space ecology is presented in Fig. 2. 
Power level is considered as a parameter. It is evident 
from Fig. 2 that the minimum mission time at which the 
regenerative system is competitive with the stored 
system (m = 1) is greatly reduced as power level of the 
central plant is increased. 

It is obvious that the mission times at which re- 
generative and storage systems are competitive can be 
almost anything depending on the type and power 
level of the central plant. 

Fig. 2 also indicates that for certain missions, maxi- 
mum reductions in weights are realized when the 
space ecology power requirements are derived from a 
central vehicle source operating at a high power level. 
When the power requirements for the other vehicle 
subsystems (propulsion, communication, etc.) are 
provided by means of a central power source operating 
at high power levels, similar weight reductions are 
realized. 

The result of integrating the power requirements of all 
the vehicle subsystems is demonstrated in Fig. 3 where 
the utility payload weight as a function of the vehicle 
electrical power is plotted with mission time as param- 
eter. Due to the variation in shielding weight (for 
Van Allen radiation) and power plant weight as a func- 


* For the case considered, gaseous requirements are provided 
by means of a photosynthetic gas exchanger, etc. 


tion of mission time, the utility payload reaches a maxi- 
mum value at approximately the same power level when 
various mission times are considered. Also significant is 
that the maximum utility payload does not vary appre- 
ciably with changes in mission time. 

Several results were obtained in the above analysis 
which should be re-emphasized. In particular, serious 
consideration must be given to the effects of the inter- 
actions between the various components of a system 
in the selection of a power plant for a proposed manned 
space mission. It was shown in the analysis that the 
interplay between components can be utilized to ad- 
vantage by integration techniques and that, when the 
system is considered as an integrated man-machine- 
mission complex, the advantages and disadvantages of 
the various possible power plants become evident. 

The power level of the power plants plays a strong 
role in the selection of the best system for a particular 
situation. In general there is an optimum power level 
at which the maximum utility payload is realized, and 
this optimum power level is fairly independent of the 
mission time. 

The necessity of considering the integration of the 
power functions is demonstrated by the example of the 
space ecology where it was shown that regenerative 
systems can be competitive with stored systems for 
mission times as low as 17 days. It must be emphasized 
again that a dominant role is played by the power level 
and the type of unit employed in determining the choice 
of a particular ecological system or any other system 
for a given manned space mission. 
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He took the luck out 
of heads or tails 


This AMF engineer had a delicate 
problem: to accomplish the separa- 
tion of the expended stages of a 
multi-stage rocket. If separation 
occurs too soon, thrust in the nearly 
burned out stage may exceed the 
aerodynamic drag, the tail overtakes 
the head, and...boom. A million dol- 
lar collision and no insurance. 


His solution: An acceleration 
switch that turns the burned out 
stage loose at the right split second 
...& Switch that makes rockets think 
for themselves. 


His switch is compact. It is de- 
signed to work in any missile at any 
range with any payload. It is ingen- 
iously simple in conception, design, 
and operation. A spring is attached 
to a free swinging hammer, the 
spring force acting to pull the ham- 
mer against the contact plate. At 
calibration the spring can be set to 
oppose any G from 1 to 100. When 
the missile is launched, the hammer 
is held back by the acceleration 
forces until the stage decays to the 
desired separation G. When the 
spring force overcomes the: forces 
of acceleration, the hammer comes 
forward, strikes the contact plate, 
and the circuit required to make 
separation is closed automatically. 
No guesswork, no luck, no collision. 


Single Command Concept 


This simple solution to a tricky 
problem reflects the resourcefulness 
of AMF people. 


AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: To 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
Ground Support Equipment 
* Weapon Systems 
* Undersea Warfare 
Radar 
« Automatic Handling & Processing 
* Range Instrumentation 
Space Environment Equipment 
* Nuclear Research & Development 

GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 
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Orbital Rendezvous (Continued from page 71) 


complish this for lower orbit altitudes (500 nautical 
miles). 

This approach has the distinct advantage of reducing 
the waiting time on ground since the launching point 
can be held flexible, and if a launching location near the 
geographic latitude corresponding to the orbit inclina- 
tion is selected, up to three successive orbits can be inter- 
cepted, twice a day, for orbits between 30 and 60° orbit 
inclination and more orbital intercepts can be under- 
taken for either lower or higher latitudes (Fig. 3). 

Of interest will be the accuracy with which the rendez- 
vous maneuver has to be initiated. An error of | 
ft./sec. at the perigee point of the ascent ellipse has to 
be corrected by a 40 ft./sec. velocity correction at 
apogee, if no intermediate correction is performed (con- 
sidered for 125 nautical mile parking orbit to 300 nauti- 
cal mile target orbit). To remove differences in orbit 
inclination between the two orbiting vehicles, it is ad- 
vantageous to do this at or near the intersection of the 
two orbits; otherwise, one would have to compensate 
twice for this deviation. An error in the determination 
of the mean distance between the two orbit altitudes of 
one nautical mile is equivalent to a velocity deviation of 
approximately 2 ft./sec. from the required velocity 
increment at perigee. 


* 


Rendezvous in Space (continued from page 73) 


Rendezvous Operations From Intermediate-Latitude 
Launch Bases 


In ref. 2, the authors presented the methods used to 
determine ‘‘rendezvous-compatible-orbits’” with em- 
phasis on the special rendezvous-compatible-orbits 
which allowed two rendezvous per effective earth’s ro- 
tation (corrected for the regression of the nodes resulting 
from the earth’s oblateness) from a single launch base. 
The most promising set of rendezvous-compatible-orbits 
for manned space stations appears to be those where 15 
satellite revolutions occur in one effective earth’s ro- 
tation (where V/m = 15, N is the number of satellite 
revolutions in a given time period, and m is the number 
of effective earth’s rotation during that same period). 
Table 1 presents the N/m = 15 rendezvous-compatible- 
orbits for satellites injected into orbit at various dis- 
tances downstream from the Atlantic Missile Range 
(latitude, 28.5°). 

Estimated lifetimes are given in Fig. 1 from data pre- 
sented in reference 3. It should be noted that if 
N/m = 16, the altitude is too low for a long-lifetime 
space station, although it would be satisfactory for a 
satelliod type operation. For an N/m equal to or less 
than 14, the orbits will lie above 440 nautical miles and 
will thus lie in the Van Allen radiation belts and are 
generally unsuited for manned space stations. 

It should be noted that the direction of launch is 
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different for the two possible rendezvous in one effective 
earth’s rotation, and that generally the vehicle launched 
in a southerly direction has a larger absolute value of the 
azimuth angle than has the northerly launched vehicle, 
Owing to the effects of earth’s rotation on the boost 
velocity requirements the amount of payload which a 
given booster system can place into orbit is greater for 
the northerly launched vehicle than for the southerly 
launched vehicle. The magnitude of the difference in 
terms of the additional characteristic velocity required 
to orbit with a southeast launch over a northeast launch 
is given in Fig. 2. It is desirable, nevertheless, to have 
the capability of launching twice a day even if 
it is not always used. The southerly launched vehicles 
would be used mainly during the initial assembly opera- 
tion or when volume limitations on the payload pre- 
vented the full payload weight from being achieved, or 
for emergency operations. 

The selection of the value of n (the number of satellite 
revolutions during the fractional-earth’s-rotation-ren- 
dezvous) depends on the specific purpose of the space 
station. If the orbital inclination of the satellite must 
be large to cover a large fraction of the earth’s surface, 
then a value of m approaching 7 is required. Orbits with 
a value of m near 7 have the additional advantage of 
nearly equal launch time spacing between the two pos- 
sible rendezvous for each earth’s rotation. Generally 
speaking, however, this is a fairly costly orbit in that the 
favorable effects of earth’s rotation in reducing the 
launch velocity requirement cannot be utilized. 

An n gets smaller and approaches 1, then the time 
spacing between the two possible rendezvous per effec- 
tive earth’s rotation becomes very unequal. Form = 1 
rendezvous-compatible-orbits, the maximum effect of 
earth’s rotation is achieved, and furthermore, since the 
orbital inclination is very nearly equal to the latitude 
of the launch base, little error in orbit plane inclination 
is achieved if large timing error occurs for the instant of 
launch. 

The possibility exists of constructing additional 
launch bases so that rendezvous vehicles can be 
launched from more than one base and thus improve the 
frequency of possible rendezvous. If the launch bases 
are located at the same latitude and are located apart, 
a longitude increment equal to some multiple of 
360°/(N/m), the two (or more) bases meet all of the 
same conditions for the given set of 7 rendezvous-com- 
patible-orbits. Of course, for safety’s sake, recoverable 
booster vehicles are required for these inland bases. 

The use of rendezvous-compatible-orbits (reference 2) 
and the quasi-optimal rendezvous guidance system 
(QORGS) presented in reference 1 are believed to satisfy 
most of the problems associated with a friendly rendez- 
vous from intermediate-latitude launch bases for both 
the routine and the semi-emergency cases. 


References 


1 Swanson, Robert S., Petersen, Norman V., and Hoover, R., 
An Astrovehicle Rendezvous Guidance Concept, delivered before 
American Astronautical Society, Jan., 1960, New York. (AAS 
Preprint No. 60-12.) 


= 
— 
— 
= 
= 
{ 
x 
% 
i 
] 
‘ 


before 
(AAS 


How keep Mach 
course... 


A CHALLENGE TO EXCITE ANY ELECTRONICS ENGINEER 
WORTH HIS SALT... THE KIND RYAN NEEDS RIGHT NOW 


Present navigational techniques are not fast enough 
nor accurate enough to navigate jet transports hur- 
tling passengers across the world at three times the 
speed of sound. 


Yet Ryan Electronics, geared to the future, has al- 
ready conceived such flight instrumentation control, 
combining Ryan-pioneered C-W doppler techniques 
with advanced inertial methods. This is another rea- 
son Ryan is the largest electronics firm in San Diego 
—and the fastest growing! If you are an electronics 
engineer ambitious to help advance the art, as well 
as your own career, we want you right now at Ryan 
Electronics. 


Ryan Electronics employs over 2000 people and has 
over one-third of the company’s $149-million back- 
log of business. Under the leadership of some of 
America’s most prominent scientists and engineers, 
Ryan is probing beyond the known .. . seeking solu- 
tions to vital problems of space navigation. 


Expanding facilities of Ryan Electronics at San 
Diego and Torrance in Southern California are 
among the most modern in the West. You enjoy 
living that’s envied everywhere, plus facilities for 
advanced study. Send your resume or write for 
brochure today: Ryan Electronics, Dept. 2, 5650 
Kearny Mesa Road, San Diego 11, Calif. 
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These two volumes contain the 46 papers presented 
at the Congress by the world’s outstanding specialists 
in aeronautics and astronautics. Some 600 delegates 
from 25 countries, including an official delegation 
from the U.S.S.R., attended the Congress, which was 
held under the leadership of Professor Theodore von 
Karman, and the meeting was so successful that it 
was decided to hold similiar congresses at two-year 
intervals. 


The volumes include the discussions which followed 
the papers, and have a full author and subject index. 
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Ascent Guidance (Continued from page 75) 


E(V,) + ki E(r) = 0 
E(V,) + ky E(r6) = 0 


where k, and k; are positive constants. 

The guidance system performance when the vehicle 
is subjected to thrust perturbations is indicated, for 
the planar case, in Table 1. 


Table 1. 


6a/a étr E(r) E( V,) E(r®) E( Ve) 
(%) (secs. ) (N.Mi.) (ft./ (N.Mi.) = (ft./ 
sec. ) sec. ) 


+3 —14.4 23 12 24 ~0 
15.9 —23 1 —27 — 


The results shown in Table 1 have been obtained 
from a digital computer simulation of the ascent guid- 
ance problem. The errors that are tabulated are due 
only to assumptions made in the development of the 
guidance equations. Thus the initial conditions for 
the terminal guidance phase are the errors shown in the 
table plus any errors that arise from imperfect instru- 
mentation. 
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Program Costs (Continued from page 83) 


(3 to 1) between non-recurring and recurring costs. 
Here lies one of the most important aspects of our cost 
studies: If a vehicle can be developed, on a given pro- 
gram such as the one outlined herein, that is versatile— 
ie, has maneuvering characteristics, efficient lunar 
growth capabilities, etc.—such a vehicle can be used in 
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vibration / shock/ noise 
control for 


missile environments 


O perational missile environments and extremely accurate con- 
trol equipment demand advanced techniques in vibration|shock| 
noise control. Pioneered by Lord, these techniques are applied to 
mounting system projects on a great variety of equipment. 


were used to develop special elasto- 
ADVANCED TECHNIQUES | meric mounting system for 


magnetron on Bomarc. Surface-to-air environment of this Mach 2.5 
missile requires isotropic performance, excellent damping and high natural 
frequency (above 60 c.p.s.). Lightweight suspension isolates magne- 

tron from extreme disturbances including shock, high-frequency vibration, 
random excitations and sustained accelerations to 10G. 


| SECOND GENERATION VEHICLES | 


are introducing extremely 
sophisticated require- 


ments for shock and vibration protection. Utilizing experience gained on 
Atlas, Titan, Hawk, Jupiter, Talos and Bomarc, LorD is now 

developing high-performance mounting systems for such advanced proj- 
ects as Minuteman and Mercury. Selection of LorD to custom design, 
test and manufacture mounting systems for these projects reflects LorD’s 
outstanding capabilities for reliability protection. 


| LORD CAPABILITIES | 


have been utilized on many successful 
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projects involving all types of mounting 
systems: center-of-gravity, rectilinear, focalized, high-returnability, 

active, integrated. Rigorous specifications have included protection against 
in-flight, storage and transport environments, broad temperature con- 
ditions from -65° to + 500°F, “white noise”, 100G shock loads, broad 
frequency spectrums, 25G superimposed sustained accelerations, 

random excitations and rotational inputs. 


If your space age project requires reliability protection, utilize the 
capabilities available at Lonp—specialists in vibration/shock/noise 
control. Contact the nearest LorD Field Office or the Home 


Office, Erie, Pa. 


FIELD ENGINEERING OFFICES 


ATLANTA, GEORGIA - CEdar 7-9247 KANSAS CITY, MO. - WEstport 1-0138 
BOSTON, MASS. - HAncock 6-9135 LOS ANGELES, CAL. - HOllywood 4-7593 
CHICAGO, ILL. - Michigan 2-6010 NEW YORK, N. Y. - Circle 7-3326 
DALLAS, TEXAS - Riverside 1 -3392 PHILADELPHIA, PA. - PEnnypacker 5-3559 
DAYTON, OHIO - BAIdwin 4-0351 SAN FRANCISCO, CAL. - EXbrook 7-6280 
DETROIT, MICH. - Diamond 1-4340 WINTER PARK, FLA. - Midway 7-5501 

“In Canada— Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY -« ERIE, PA. 
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additional space programs, and a non-recurring cost of 
literally hundreds of millions of dollars can be avoided 
in the subsequent programs. Therefore, there is a 
major practical reason—dollars—for the fostering of a 
concept of modular construction of space vehicle sys- 
tems. 

Also, the amount of R&D costs (5.5 per cent) indi- 
cates that a special effort should be made towards de- 
velopment of items that are versatile enough to be used 
in alternate programs and missions beyond that in- 
volved in the immediate funded program. Technical 
“dead end” concepts and limited growth capabilities 
must be avoided. 

The flight test program, at $290.7 M, including the 
training program at $30.0 M, represents a significant 
portion (32.2 per cent) of the overall program costs. 
One manned entry vehicle flight will cost $8.3 M while 
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one manned space station flight will cost $27.0 M. One 
conclusion which seems evident from these data is that 
rather sophisticated simulator facilities for training 
space crews can be justified if flight training require. 
ments are thereby reduced or mission success is im- 
proved by reducing the possibility of human error. 

Fundamental parametric cost data to support pric- 
ing of space programs in the conceptual phase are quite 
meager today. However, this is not necessarily a 
matter of concern. Rather, it is indicative of our 
fundamental position in exploring this new dimension, 
But it does highlight the need for dissemination of cost 
information among industry organizations and between 
industry and Governmental agencies. This in tum 
suggests that greater emphasis be placed on this sub- 
ject in symposia, conferences, and in the formulation of 
the procuring agencies’ policies. 
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Program Proposed to Ease Toll 
From “Mad Bombings” of Aircraft 


@ In reviewing the recent tragedies of the 
airlines, it now appears appropriate that 
the engineering profession give serious 
technical consideration to the problem of 
preventing structural failures of commer- 
cial aircraft due to apparent intentional in- 
ternal explosions. 

The following suggestions are made by 
the writers, not as final and ultimate solu- 
tions, but as openers to draw further con- 
siderations in the hope of preventing ad- 
ditional losses. 

(1) Increase the strength of washroom 
shell structures to withstand a minimum 
pressure of 500 psi. If necessary, construct 
separate structural chambers into which 
washroom facilities are built. This would 
cost about 200 Ibs. of additional weight 
per washroom, and increase the local burst- 
ing strength from 150 to 500 psi. 

(2) Install large gas valves to relieve 
pressures generated by explosives in the 
small volume washrooms (presently about 
25cu. ft.). Test would be required to deter- 
mine the usefulness of pressure relief 
valves. Fifty (50) psi blow-out dia- 
phragms in the fuselage might be a more 
reasonable solution. 

(3) Require baggage inspection of hand- 
carried packages and handbags. This is 
not 100 per cent foolproof, but would elim- 
inate large explosive devices beyond the 
structural capabilities of the aircraft. 

(4) Require all flight insurance to be sold 
by clerical personnel, copies of each policy 
sold to be sent to a central office at each 
airport for recording and comparison. 
Limit the value of insurance to reasonable 
amounts, say, $50,000. 

(5) Consider the merging of washrooms 
and lounges into one large unit, providing a 
much larger chamber to dissipate the ef- 
fect of the explosion and thereby minimize 
the danger of local bursting of the fuselage. 

The aircraft industry and its professional 
engineers have a responsibility to the pub- 
lic in assisting in the restoration of confi- 
dence in the safety of commercial air trans- 
portation. 

Felix Castro, P.E., MIAS 
Russell Mamone, P.E., MIAS 
Stress Analysis, Inc. 

Los Angeles, Calif. 
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Gravitation Series Provokes Further 
Comment; ‘“‘New Field” Discussed 


@ Professor Allais’ “Should the Laws of 
Gravitation be Reconsidered?’’ appearing 
in the September, October, and November, 
1959, issues of A/SE was a thought-pro- 
voking series. His data and propositions 
certainly indicate that a reconsideration of 
existing attitudes and assumptions is in or- 
der. However, I believe that the effects he 


measured are explainable without assum- 
ing the existence of a new field. 

In the following paragraphs I intend 
to demonstrate that the centrifugal forces 
generated by the earth’s rotation about the 
earth-moon axis are of the same magnitude 
and have the same approximate periodicity 
as the gravitational abnormalities isolated 
by Professor Allais. 

It is an interesting scientific oddity that 
the moon does not revolve about the earth 
but that both the earth and moon revolve 
about a common axis. This common axis 
lies along the line between their centers 
and, although always within the body of 
the earth, it is, in terrestial terms, far from 
the earth’s center. The slow monthly ro- 
tation of the earth about the common axis 
generates small centrifugal forces in ad- 
dition to those of its daily rotation. 

Since this common axis is parallel to, 
but not coincident with, the axis through 
the center of the earth, the centrifugal 
force will differ at any moment for points 
along a common latitude. Therefore, as 
the earth’s daily rotation moves an experi- 
mental station along the arc of its latitude 
toward the line between the earth-moon 
centers, it will also change the radial dis- 
tance of that station with respect to the 
common earth-moon axis. The measur- 
able centrifugal force at the station will in 
turn vary with a period equal to a /unar 
day, between 24 and 25 hours. 

Figs. 1 and 2 and the following defini- 
tions give some of the numerical relation- 
ships: 


earth-moon 
axis 
Paris latitude, 


\ approx. 48° 


earth radius = 20.9 X 10 ft. 
distance of axis for earth-moon 
rotation from earth axis = 15 
X 108 ft. 
minimum radial distance, Paris tu 
common axis = 1.0 X 108 ft. 
maximum radial distance, Paris to 
common axis = 29.0 X 10 ft. 
Lunar month = 27.32 solar days = 2.36 
X 10%sec. Lunar day = 24.88 hours = 
8.96 X 104 sec. 


May 1960 


center of earth's 
daily rotation 
common axis for 
earth-moon 
rotetion 


Fig. 2. 


maximum instantaneous tangen- 

tial velocity of point on equator 
with respect to common axis 
95.6 ft./sec. 

V2 = minimum velocity of point 
equator = 15.7 ft./sec. 

V; = maximum velocity for Paris 
77.2 ft./sec. 

V; = minimum Paris velocity = 2.66 
ft. /sec. 


Forces on Equator: 


CF, = centrifugal force for V; in gravi- 
ties = 7.9 X 10-5 
CF, = centrifugal force for V2 in gravi- 
ties = 1.3 K 10-8 
Both oppose gravity so measurable 
variation will be their difference. 
CF, — CF, = measurable variation of 
gravity = 6.6 


Forces ai Paris: 


CF; = vertical component of centrifugal 
force for V3 in terms of gravi- 

ties = 4.26 X 10-8 
CF, = vertical component of centrifugal 
force for Vs = 0.15 X 10-5 
One opposes and one assists gravity so 
measurable variation will be their 

sum. 
CF; + CF, = variation at Paris having 
period of 24.88 hours 
= 4.41 X 

An important corollary of Professor 
Allais’ discovery (if this interpretation is 
correct) is that the determination of a true 
vertical is even more difficult than it may 
have seemed until now. The abnormality 
he has measured is only apparently a varia- 
tion in gravity but is in reality the varia- 
tion of the resultant of several vector 
forces, including gravity. This resultant 
will vary not only in magnitude but in di- 
rection as well. 

A quick calculation indicates that for the 
centrifugal forces derived above, and for a 
latitude near Paris, the apparent vertical 
can vary by as much as 270 X 10-5 de- 
grees, or about one (1) second of are during 
the lunar day. This variation, while small, 
may not be an insignificant consideration 
in such activities as the launch of space 
probes. 

With somewhat less assurance I would 
like to propose a possible mechanism for 
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the “‘screen effect’? noted by Professor 
Allais during a total eclipse. 

Assume that the effect is related to the 
blocking of solar radiation from the earth 
and that the radiation pressure from the 
sun is therefore a variable force on the 
earth’s mass. Although even a complete 
blocking of all solar radiation would cause 
a linear acceleration of the earth in an 
order of magnitude many times too small 
for a correlation with the observed data, an 
alternate mechanism is possible. 


First, a total eclipse does not block sun- 
light from all the earth at once. For the 
eclipse to be total in the latitude of Paris 
there will be a glancing blow of radiation 
pressure (figuratively speaking) in the 
southern hemisphere. Since it is easier to 
rotate the earth than it is to push it, a 
little has been gained insofar as the effect 
of a terrestrial observer is concerned. 
Second, | am sure that an angular rotation 
or acceleration of the earth in the correct 
plane would be more detectable to Profes- 
sor Allais’ instrumentation than a varia- 
tion in the magnitude of gravity. 

The screen effect could therefore be 
generated in the following manner. Glanc- 
ing radiation during an eclipse would 
generate a disturbing torque at right angles 
to the earth’s axis, the earth acting as a 
free gyro would precess, and Professor 
Allais’ pendulum—if oriented in a plane 
sensitive to the angular rotation—-could 
have detected this very minute variation 
in the motion of the earth. 


At any rate, I suspect these comments 
will give Professor Allais a number of new 
ways to attempt correlation of his data. I, 
for one, envy Professor Allais his freedom 
to continue working this problem. 
Frank V. Flynt 
Palos Verdes Estates, Calif. 
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Finds “Incorrect Analysis” in 
“Optimum Rocket Trajectories” 


@I was happy to see that AERO SPACE 
ENGINEERING has published two articles 
on the subject of optimum rocket trajec- 
tories (references 1 and 2). However, I 
was surprised to find that the analysis 
contained in both these articles appears to 
be incorrect. In each article the variable 
to be optimized, subject to various con- 
straints, is the flight altitude. However, 
for the problems considered, the equations 
of constraint depend upon the flight alti- 
tude. Correct formulation of the problem 
requires the consideration of this depend- 
ence and the inclusion of an Euler equa- 
tion with respect to altitude. As this has 
not been done, the trajectories derived by 
the method of these two articles cannot be 
optimum. 

If any of your readers are interested in 
the solution of the problems considered in 
these articles, correct formulations and 
numerical solutions can be found in ref- 
erences 3 and 4. Correct formulation 
and numerical solutions of the related opti- 


mization problem for air-breathing propul. 
sion systems are given in references 5 and 
6. 


‘ Dommasch, D. O., and Barron, R. L., Opij. 
mum Rocket Trajectories. Part I—Initial Valye 
Variational Solutions, Aero/Space Engineering, 
Jan., 1960. 

Dommasch, D. O., and Barron, R. L., 
mum Rocket Trajectories. Part I1—Generalize) 
Boost Analysis, Aero/Space Engineering, Feb, 
1960. 

§ Breakwell, J. V., The Optimization of Trajec. 
tories, Journal of Society of Indust. & Applieg 
Math., Vol. 7, No. 2, June, 1959. 

‘ Newton, R. R., On the Optimum Trajectory ofa 
Rockel, Journal of Franklin Institute, Sept, 
1958. 

5 Theodorsen, T., Optimum Path of an Airplane 
—Minimum Time to Climb, Journal of the Aero/ 
Space Sciences, Oct., 1959. 

6 Kelley, H. J., An Investigation of Obdtima| 
Zoom Climb Techniques, Journal of the Aero 
Space Sciences, Dec., 1959. 


Theodore N. Edelbaum, AIAS 
Analytical Research Engineer 
Research Labs., United Aircraft Corp, 


++ + 


Mr. Dommasch Replies 


@ The following is in reply to Edelbaum's 
comments on our paper “‘Optimum Rocket 
Trajectories” which appeared in the Janu- 
ary and February, 1960, issues of AERo 
SPACE ENGINEERING. It is evident that 
Edelbaum has been misled in his thinking 
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by several earlier papers on the subject of 
optimization (see our reference list in the 
January AERO SPACE ENGINEERING), and 
that, therefore, he has failed to realize 
that his statements violate the three fol- 
lowing requirements for the existence of 
physically valid solutions to optimum prob- 
lems: 

(1) In accord with the requirements of 
basic particle dynamics, the number of 
Euler-Lagrange equations which can be 
written to define the path function of a 
moving particle cannot exceed the physical 
number of degrees of freedom of the par- 
ticle. Thus, for a particle (regardless of 
its restraints) moving in a plane, no more 
than two Euler equations are possible. 
Edelbaum’s suggestion of a third Euler 
relation is, therefore, absurd physically, as 
well as mathematically; this can be seen 
very easily by noting that / is defined by 


t 
n= f V; sin y dt (1) 


0 


so that if the variations of V; and y with 
time are completely defined it is clear that 
hq is also completely defined in terms only 
of V; and y and that no additional varia- 
tions can be imposed. Moreover, it is 
eq. (1) we seek to maximize in the first 
place. 

(2) The inclusion of superfluous re- 
straints does not ensure an optimum solu- 
tion, but rather serves at best only to re- 
strain the solution range to some limited 
subset. 


The Editors welcome letters 
from readers, although none can 
be acknowledged. All must be 
signed, but identities will be 
withheld on request. 


(3) There are no general sufficient condi- 
tions for variational problems; therefore, 
the writing of one or more Euler-Lagrange 
equations neither establishes nor disestab- 
lishes the existence of an optimum solution. 
The only valid existence criterion is, there- 
fore, the establishment, numerically, of a 
physically real and continuous solution of 
the optimum path function relations in con- 
junction with the governing kinematic and 
motion relations. In other words, Edel- 
baum’s statements are opinions which are 
refuted by the solid evidence of real exist- 
ence. 

Regarding Edelbaum’s comments on ref- 
erences 5 and 6, he should examine these 
somewhat more carefully, at which time he 
will discover that the assumptions under- 
lying Theodorsen’s treatment (with re- 
gard to a Euler relation on altitude) are 
precisely the same as those he has criticized 
in our paper, and, moreover, that the 
Theodorsen and Kelley treatments are at 
variance with one another. 

Daniel O. Dommasch, AFIAS 
Pres., DODCO, Inc. 


WHITTAKER CONTROLS: Designs 
and produces fluid control systems, 
subsystems and components for 
military and commercial aircraft 
and missiles. 


NARMCO INDUSTRIES: Specializ- 
ing in research and manufacturing 
in the field of lightweight, high- 
strength structural components and 
materials for a variety of Military 
and Industrial applications. 


WHITTAKER GYRO: Leading de- 
signer and manufacturer of preci- 
sion gyroscopes, accelerometers, 
guidance and control systems. 


MONROVIA AVIATION: Producers 
of precision aircraft structural as- 
semblies and portable air condition- 
ing units for ground support. 


Controls 
sled production 


Produc reliability must be planned. At Whittaker Controls, reliability 
planning starts with design and engineefing...and is a vital part of 
avery operation from-Concepi io Customer! 

Since 1942) Whittaker Controls has designed and produced more 
than two million contro} devices, based om the philosophy of pianned 
feuiahility. Whittaker products are performance-proven in every U.S. 
Military and commercial aircralt currently im service, as well as mis- 
space rockets satellite vehicles.” 

The wide acceptance of the WC brandeis the result of close adher- 
pace to sound.engiieering and principles. At Whittaker 
, advanced design concepts, envirenmental testing and quality- 
ire you of BEAN 


RELIABILITY! 


WHITTAKER CONTROLS Division of 


WHITTAKER CONTROLS 


915 North Citrus Avenue 
Los Angeles 38, California 
Phone: HOllywood 4-0181 


“Time-Proven Reliability in Fuel, Pneumatic and Hydraulic Fluid Controls and Systems.” 


FIELD ENGINEERING OFFICES: 
ATLANTA: 
DAYTON: 

NEW YORK: 
SEATTLE: 
WICHITA: 


3272 Peachtree Road, N.E., Atlanta, Georgia « Phone: CEdar 3-5291 

Talbott Bidg., Suite 313, 131 North Ludlow Street, Dayton 2, Ohio « Phone: BAldwin 2-5595 
600 Old Country Road, Suite 327, Garden City, L: 1., New York * Phone: Ploneer 1-4440 
3308 White Bidg., Seattle 1, Washington + Phone: MAin 3-6150 

6427 East Kellogg Street, Wichita 1, Kansas » Phone: MUrray 2-0332 


TELECOMPUTING SERVICES, INC.: 
Specialists in data processing and 
data systems engineering. 


ELECTRONIC SYSTEMS: Specialists 
in systems management, and in the 
design and manufacture of complex 
electronic and nucleonic equipment 
for Government and industry. 


DATA INSTRUMENTS: Leading de- 
signer and producer of data reduc- 
tion systems, industrial control and 
ground support equipment. 


COOK BATTERIES: Designers and 
manufacturers of automatically and 
manually activated silver zinc bat- 
teries for missile applications. 


ELECTRONIC COMPONENTS: De- 
signers and producers of micro- 
miniature relays, sub-miniature 
ceramic capacitors, magnetic ampli- 
fiers, transformers and delay lines. 


PHOENIX ENGINEERING: Manufac- 
turer and assembler of precision 
machined missile, aircraft and elec- 
tronic parts. 


TELECOMPUTING 
CORPORATION 


Los Angeles, California 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, designed 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing ad d concepts in industrial and 
military control systems. 
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FAIRCHILD BONDING... 


30 ways to save on construction costs 


The Fairchild Aircraft & Missiles 
Division offers 30 different bond- 
ing techniques — each designed to 
cut your construction costs sharply. 
As practiced and perfected by 
Fairchild, bonding provides greater 
strength and durability than con- 
ventional riveted assemblies, sim- 
plifies design and saves substantial 
weight by permitting the use of 
thinner gauge materials. 


80,000 square feet of modern 
facilities and equipment—the most 


complete in the world—enables 
Fairchild to perform bonding 
projects of any scope, size or com- 
plexity. Air conditioned, humidity- 
controlled working areas and 
stringent quality control assure 
work of the highest order. 


Whatever your construction re- 
quirements, there is a Fairchild 
performance-proved bonding meth- 
od specifically suited to fill them. 


Write today for information oy | 


your needs. 


Representative of Fairchild’s 
diverse production capabilities 
are: VTOL/STOL projects + 
High flotation gear * Boeing 
B-52 assemblies* SD-5 surveil- 
lance systems Antenna and in- 
stallation housing for Project 
Defender Pincushion radar « 
F-27 propjet * Aluminum 
boats, lampposts and bridges. 
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News 


. a record of people and events of interest to Institute Members 


IAS National Summer Meeting to Include 
Field Trip to Edwards Air Force Base 


General Curtis Le May to Address Banquet 


ENERAL TOPICS ranging from Aerodynamics to Life in Space are on the agenda 
for the IAS National Summer Meeting to be held at Los Angeles’ Am- 


passador Hotel, June 28-July 1. Fourteen technical sessions, 


are classified, a field trip, also classified, 
three luncheons, and a banquet-dance 
make up the program for the 4-day 
meeting. 

Arrangements have been made by the 
Los Angeles Section’s Meeting Com- 
mittee, headed by Edwin O. Marriott, 
Chairman, and R. M. Bentley, Vice- 
Chairman. The three classified sessions, 
as well as the field trip to Edwards Air 
Force Base, are cosponsored by the 
USAF’s Air Research and Development 
Command branch in Los Angeles, the 
cognizant military security office. 

General Curtis E. Le May, Vice Chief 
of Staff, USAF, will be guest of honor 
and principal speaker at the banquet 
the evening of June 30. Luncheon 
speakers will be Dr. William H. Picker- 
ing, Director of California Institute of 
Technology’s Jet Propulsion Labora- 
tory, Dr. Theodore von Karman, Chair- 
man of the NATO Advisory Group for 
Aeronautical Research and Develop- 
ment (AGARD), and Rear Adm. 
William F. Raborn, USN, Special Proj- 
ects Officer, Office of the Secretary of 
the Navy. 

Programs listing detailed inforina- 
tion were mailed to members the middle 
of April. Security clearance forms and 
meal and field trip reservation cards 
may be obtained from E. W. Robi- 
schon, Institute of the Aeronautical 
Sciences, 7660 Beverly Boulevard, Los 
Angeles 35, Calif. 


Sessions are as follows: 


Tuesday, June 28 


Morning: Structures, and Space Sys- 
tems and Re-Entry. 

Afternoon: Structures, and Astro- 
dynamics and Space Environment. 

Evening: Advanced Ballistic Missile 
Defense Program (Classified). 


three of which 


Wednesday, June 29 


Morning: Hypersonic Aerodynamics, 
and Life in Space. 


Afternoon: Aerodynamics, and 
Youth Education in the Space Sciences. 


Evening: Aerospace Defense (Classi- 
fied). 


Thursday, June 30 


Morning: Propulsion, and Guidance 
and Control (Classified). 


Afternoon: Management, 
Transportation. 


and Air 


Friday, July 1 


Field Trip to Edwards Air Force 
Base, Flight Test Center (Classified). 


Edwin O. Marriott 
Meeting Chairman 


General Curtis E. Le May, USAF 
Banquet Speaker 


Fellowship Honors Aviation Pioneer 


The establishment of a Durand Fellow- 
ship in Aeronautical Engineering, in 
memory of the late Dr. William Frederick 
Durand, has been announced by the 
Stanford University School of Engineer- 
ing. 

Dr. Durand, an Honorary Fellow of the 
IAS, died in 1958 at the age of 99. One 
of aviation’s greatest scientific pioneers, 
Dr. Durand initiated aeronautical en- 
gineering studies at Stanford early in 
this century. He originated the theory of 
ship propellers and evolved the basic 
theories of aircraft propeller design which 
lead to the variable pitch propeller. One 
of the original members of NACA (now 
NASA) he became its first civilian chair- 
man. 

Initial support for the fellowship comes 
from a legacy provided by Dr. Durand 
to assist ‘“‘worthy Stanford students in 
aeronautical engineering.”’ 


APS Committee Members Named 


Two members of the IAS were elected 
to serve three-year terms on the Executive 
Committee of the Division of Fluid 
Dynamics of the American Physical 
Society. They are L. S. G. Kovasznay 
(M), of The Johns Hopkins University, 
and C. C. Lin (F) of Massachusetts 
Institute of Technology. 

Other members of the Committee 
include Francois N. Frenkiel (AF), of 
David Taylor Model Basin, Lester Lees 
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(F), California Institute of Technology, 
and Peter P. Wegener, California Insti- 
tute of Technology. Dr. Frenkiel is 
1960 Chairman of the group. 


NASA Employee Named For 
Civil Service Honor 


Eugene Stone Love (AF), Assistant 
Chief of the Aero-Physics Division, 
NASA, Langley Field, Va., was selected 
by the National Civil Service League as 
one of the top ten career men in the Federal 
government for 1960. The honor was 
presented at a dinner in Washington, D.C., 
on March 15. 

The League, a nonpartisan citizen 
organization, presents the award annually 
to ten Federal employees chosen on the 
basis of competence, character, and 
achievement as representing the highest 
standards of a career in civil service. 

Mr. Love’s 12 years in government have 
been at NASA’s Langley Research 
Center. His work has contributed to 
virtually every supersonic aircraft and 
missile in this country. He was recently 
appointed chairman of Langley’s inter- 
division steering committee for a space 
re-entry vehicle suitable for travel to 
and from a projected manned space 
station. 


Twelve IAS Members Receive 
Promotions at North American 


Among those named by North American 
Aviation, Inc. to Corporate V:ce-Presi- 
dencies and Division Offices are twelve 
who hold memberships in the IAS. 
These men and their positions are as 
follows: John B. Pearson (AF), formerly 
Corporate Director of Development Plan- 
ning, has been appointed Vice-President 
of Development Planning; John W. 
Young (AF), promoted from Corporate 
Director, Quality and Logistics to Vice- 
President of Quality and Logistics; S. 
K. Hoffman (AF), General Manager, 
named President, Rocketdyne Division, 


tas News 


Eugene S. Love. 


remaining a Corporate Vice-President; 
and C. W. Guy (A), Rocketdyne’s Asst. 
General Manager, named Executive Vice- 
President. J. G. Beerer (AF), formerly 
General Manager, was named President 
of the Missile Division; John R. Moore 
(M), formerly General Manager, named 
President, Autonetics Division; and Ray- 
mond H. Rice (F), formerly General 
Manager, named President of the Los 
Angeles Division. All three remain Cor- 
porate Vice-Presidents. 

Other appointments are: Dale D. 
Myers (M), Weapon System Manager of 
the Missile Division appointed Vice- 
President—Engineering, Missile Division; 
R. L. Olson (M), Chief Project Engineer, 
appointed Vice-President of Central Oper- 
ations, Autonetics Division; S. F. Eye- 
stone (M), Head of the Engineering Dept., 
appointed Vice-President of Inertial Navi- 
gation Products, Autonetics Division; 
Harrison A. Storms (M), Chief Engineer, 
to Vice-President and Chief Engineer of 
the Los Angeles Division; and George 
Gehrkens (M), Chief Engineer, to Vice- 
President and Chief Engineer of the 
Columbus Division. 


News of Members 


Jack G. Anderson (M) has been ap- 
pointed Vice-President for Government 
Relations at Stromberg-Carlson, a divi- 
sion of General Dynamics Corp. Mr. 
Anderson was formerly Vice-President 
for Marketing for Hoffman Electronics 
Corp. 

Sq. Ldr. Laurie J. Bayliss, RAF (Ret.), 
Technical Publications Manager of Field- 
ing & Pratt Ltd., has been elected an 
Associate of the Institution of Production 
Engineers, London” 


R. H. Botterill (M), formerly Execu- 
tive Vice-President of Vickers-Armstrongs, 
Inc., Arlington, Va., has been appointed 


(Aircraft) Ltd., Weybridge, Surrey, Eng- 
land. 

David D. Bowe (M), formerly Assistant 
Sales Manager for military aircraft prod- 
ucts of Aeroproducts, Allison Division, 
General Motors Corp., has joined Re- 
public Aviation Corp. as Manager of the 
Dayton office. 

Victor E. Carbonara (F), Treasurer of 
the IAS and a member of AERO/SPACE 
ENGINEERING’S Editorial Advisory Com- 
mittee, Instruments Panel, has retired 
as President of Kollsman Instrument 
Corp. under the company’s retirement 


program. He is succeeded by David B. 
Service Controller of Vickers-Armstrongs Nichinson, formerly Vice-President in 
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charge of Engineering. 


Mr. Carbonar, 3 


will continue to assist the company jin, 


consultant capacity. 
Lt. Comdr. John G. Carl, USN, (M 


Naval Bureau of Weapons Representatiy, 
in St. Louis, has received orders to repo 


for duty at Naval Air Station, Sanford 


Florida, where he is to join VAH9, ,! 


heavy attack bomber squadron. 


C. S. Draper (HF), Head of the Dep 1 
Astronautics ani 


of Aeronautics and 
Director, Instrumentation Lab., of th 
Massachusetts Institute of Technolog 
has been appointed a _ consultant 
General Precision, Inc. 

Col. Lawrence D. Ely, USAF (Ret, 
AF), has joined the Technical Staff o 
Space Technology Labs., Inc. Colond 
Ely retired from the Air Force on Januar 
15, 1960. 


William N. Engel (M) has joined the 


Gear Division of Indiana Gear Works 
Inc., as Staff Engineer. Mr. Engel was 
previously Plant Manager of the Indian. 
apolis Aircraft Division, United State 
Chemical Milling Corp. 

Earl H. Flath, Jr. (M) has joined Temw 
Electronics Division of Temco Aircraft 
Corp. as a Senior Scientist. Prior to his 
new position, Mr. Flath was an Engineer. 
ing Branch Manager with Chance Vought 

Ernest J. Greenwood (AF) has been 
named Operations Manager of the Norden 
Division, United Aircraft Corp. Mr 
Greenwood had been Manager of Norden’s 
Milford Dept. prior to his new assignment 

Albert C. Hall (AF), Director of Re. 
search and Engineering for The Martin 
Co., has been elected Vice-President of 
Engineering. 

Robert B. Harlan, Jr. (M) has been 
appointed Manager of Marketing for the 
Semiconductor Division of Hughes Air. 
craft Co. Prior to joining Hughes, Mr. 
Harlan was General Manager of the 
Western Branch of Pesco Products Divi- 
sion of Borg-Warner Corp. 

(Continued on page 122) 


Clifford C. Furnas (F), Chancellor of the 
University of Buffalo, has been named by New 
York State Governor Nelson Rockefeller os 
Chairman of a newly created special committee, 
the State Advisory Council for the Advancement 
of Industrial Research and Development. 
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THIOKOL’s Utah Division is fully staffed and equipped to produce solid rocket 
motors of unprecedented size . . . of ICBM and even satellite proportions. 


Industry, U.S.A. in the 


production of rocket powerplants 


of unprecedented reliability. 


Indevelopmentof advanced power- 
plants for missiles like Minute- 
man, Nike-Zeus, Subroc, and for 
research vehicles like Little Joe 
and X-17...THIOKOL draws on 
its own vast propulsion know-how 
plus the advanced technological 
background of scores of industrial 
organizations. 

The Allison Division of General 
Motors, Scaife Company, Goodyear, 
General Electric, Heintz Mfg. Co., 
Curtiss-Wright, RCA, Solar Air- 
craft, Borg-Warner Corp... . these 
are but a few of the many compa- 
nies, large and small, to whom 
THIOKOL has subcontracted in 
producing dependable propulsion 
systems. 

We have called upon the pres- 
sure vessel industry to whom met- 
als for strength are second nature 
to get rocket casings combining 


light weight and high tensile 
strength. 


We have called upon the elec- 
tronics industry whose art is 
instrumentation for the delicate 
devices required for precise test- 
ing and production controls. 

We have turned to the transpor- 
tation and construction industries 
for development of specialized 
equipment such as monorail sys- 
tems and movable cranes needed 
to process giant rocket motors 
with unfailing precision on an 
assembly line basis. . 


Many industrial technologie 
are met in a rocket propulsion sys- 
tem. Recognizing this, THIOKOL 
calls on specialists to achieve high- 
est reliability, to meet the critical 
rocket power requirements of na- 
tional defense and space research. 


Vheokol, ® Chemical Corporation 


BRISTOL, PENNA. 


Plants in: TRENTON, N.J.; MOSS POINT, MISS.; DENVILLE, N. J.; ELKTON, 
MD.; HUNTSVILLE, ALA.; MARSHALL, TEXAS; BRIGHAM CITY, UTAH. 
®Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers, and other chemical products. 
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William C. House (A), recently re- 
turned from a leave-of-absence for service 
with the Advanced Research Projects 
Agency, has been appointed Director, 
Systems Management, Aerojet-General 
Corp. 

William Littlewood (HF), Vice-Presi- 
dent, Equipment Research for American 
Airlines, Inc., has been elected to the 
Board of Directors of The Marquardt 
Corp. Mr. Littlewood, 1959 President of 
the IAS, is a member of AERO/SPACE 
ENGINEERING’S Editorial Advisory Com- 
mittee, Air Transport and Operations 
Panel. 

Rear Admiral A. B. Metsger, USN 
(Ret.) (AF), recently appointed Assistant 
to the President of The Marquardt Corp., 
has been elected a Vice-President of the 
Corporation and General Manager of 
Cooper Development Corp., a Marquardt 
Division. Prior to retiring from the 
Navy, Admiral Metsger was Deputy 
Chief of Naval Research. He isa member 
of the Space Technology Panel, Editorial 
Advisory Committee of AERO/SPACE 
ENGINEERING. 

Dale V. Ness (M) has been appointed 
Manager of the Apparatus Division’s 
Washington, D.C. regional office of Texas 
Instruments, Inc. Mr. Ness was _for- 
merly Service Engineering Representative 
with the company. 

L. H. Orpin (M) has been named Mana- 
ger for Planning, Defense Electronic 
Products, RCA. Mr. Orpin was _ pre- 
viously Director of Plans and Programs 
for the Stromberg-Carlson Division of 
General Dynamics Corp. 

Kendall Perkins (F), Vice-President— 
Engineering, McDonnell Aircraft Corp., 
has been elected to the board of directors 
of the St. Louis Academy of Science. 

Harner Selvidge (M) has been appointed 
Western Corporate Representative of 
Bendix Aviation Corp. Dr. Selvidge 
was formerly Director of Special Products 


Brian O. Sparks (M) has been appointed 
Deputy Director of the California Institute of 
Technology Jet Propulsion Laboratory. Mr. 
Sparks was previously General Manager and 
Acting Director of the Space and Missiles Div. 
of Interstate Electronic Corp. 


James E. Glauser (M) has been appointed 
Director of Engineering at the Anaheim facility 
of the Pacific Scientific Co. His more recent as- 
signments with the company have been in the 
development of flight safety equipment, slip 
rings, and rotary couplings. 


Development and 


Bendix. 


George R. Steinkamp (M) has been 
designated Acting Chief of the Review 
and Records Control Branch in the Office 
of the Civil Air Surgeon of the Federal 
Aviation Agency. Prior to his present 
assignment, Dr. Steinkamp was stationed 
at the USAF School of Aviation Medicine, 
Brooks Air Force Base. 


W. P. Thayer (AF) has been elected to 
the board of directors of Chance Vought 
Aircraft, Inc. Mr. Thayer is Vice-Presi- 


Staff Engineer for 


Meet the Staff 


dent and General Manager of the Aero. 
nautics Division. 

Sorrel Wildhorn (M) has joined Sys. 
tems Development Corp. as an Operations 
Research Scientist. Mr. Wildhorn was 
formerly a Research Specialist in the 
Operations Research Division of Lockheed 
Aircraft Corp. 


William W. Wood, Jr. (M) has bee) 


elected to the newly created position 
of Executive Vice-President, Develop. 
ment and Engineering, Link Division of 
General Precision, Inc. He has also been 
named a Director of General Precision, 
Inc. Mr. Wood was formerly Vice-Preg. 
dent—Simulator Engineering. 


H. Dudley Wright (A), President of | 
Endevco Corp. and Wright Engineering 


Co., has been named to the Board of 
Directors of the Strategic Industries 
Association. SIA is a national associatioy 
of small defense industries. 


Corporate Member 


e Aerojet-General Corp. has established 
an Office of Foreign Operations for the 
development and conduct of all of its 
activities abroad. 
e Automation Industries, Inc. has re 
named its Datran Electronics Division 
The new name is DATRAN, Division‘ 
Automation Industries, Inc. 
© Bendix Aviation Corporation’s Computer 
Division has established a sales and service 
office in Cleveland for the Ohio area. 
(Continued on page 124) 


An Aero/ Space Engineering Feature 
on personnel of the IAS 


Eve Krumm— 
For Reservations, Call... 


Miss Eve Krumm, a cliff dweller from 
New Jersey (she lives on the Palisades 
overlooking the Hudson River), has been 
with the IAS since 1945. She needs little 
introduction to Section Secretaries and 
that growing group of Past-Secretaries 
spread over the country. In addition 
to her duties in the office of the Insti- 
tute’s Assistant Secretary, Eve  per- 
forms a wide variety of other staff func- 
tions, including preparation of most of the 
Section meeting announcements and han- 
dling reservations for those meetings. She 
is also responsible for Aero/Space En- 
gineering’s Personnel Opportunities fea- 
ture. 


Eve is an intrepid traveler, visiting 


her favorite haunts—the Jersey shore, § 


Pennsylvania’s Pocono Mountains, ad 


“far away places with strange sounding F 


names’’—on weekends and vacation. A! 


avid golfer, she has discreetly refrained 


from telling us her score. 
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To assure a new order 


of reliability 


EQUIPMENT 


The micro-module is a new dimension in mili- 
tary electronics. It offers answers to the urgent 
and growing need for equipment which is 
smaller, lighter, more reliable and easier to 
maintain. Large scale automatic assembly will 
bring down the high cost of complex, military 
electronic equipment. Looking into the immedi- 
ate future, we see a tactical digital computer 
occupying a space of less than two cubic feet. 
It will be capable of translating range, wind 


Tmk(s) ® 


velocity, target position, barometric pressure, 
and other data into information for surface to 
surface missile firings. The soldier-technician 
monitoring the exchange of computer data will 
have modularized communications with the 
other elements of his tactical organization. RCA 
is the leader contractor of this important United 
States Army Signal Corps program and is work- 
ing in close harmony with the electronic com- 
ponents industry. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, NEW JERSEY 
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Corporate Member News 
(Continued from page 122) 


© Boeing Airplane Co. has acquired Vertol 
Aircraft Co., now operating as the Vertol 
Division. Vertol’s wholly-owned  sub- 
sidiaries, Allied Research Associates, Inc. 
and Canadian Vertol Aircraft Ltd. have 
become subsidiaries of Boeing. Vertol and 
Allied Research, as well as Boeing, are 
IAS Corporate Members. 


e The Garrett Corp. has formed a sub- 
sidiary company, Garrett (Japan) Ltd. 
in Tokyo, Japan. 


eThe General Electric Co. has an- 
nounced occupancy of its new Special 
Programs Section facility in Radnor, 
Pa. This section, a part of GE’s Defense 
Systems Dept., was established to focus 
the Company’s design and development 
activities on system requirements. 


@ Lear, Inc. has announced the establish- 
ment of Far East Sales Headquarters 
in Tokyo, Japan. 


e Northrop Corp. has purchased the 
Military Products Division of American 
Radiator & Standard Sanitary Corp. 
The former American-Standard Divi- 
sion’s three plants will operate as the 
Precision Products Dept. of Northrop’s 
Nortronics Division. 


tas News 


Necrology 


George B. Post 


George B. Post, Vice-President and 
Sales Manager of Edo Corp. until his 
retirement in 1949, died in New York 
City on March 4 at the age of 68. Mr. 
Post, a former member of the IAS, 
was forced by illness to retire. 

A 1917 war alumnus in Mechanical 
Engineering of Cornell University, Mr. 
Post enlisted in the U. S. Naval Reserve 
Force that same year as a Machinist 
Mate, advancing through the ranks as 
pilot and instructor, and leaving the 
service with the rank of Lt. Commander. 

He was a pioneer in the use of airplanes 
for crop dusting and in the advance of 
seaplane operations. 


Roy Knabenshue 


Roy Knabenshue, the first man to fly 
a powered lighter-than-air craft in the 
United States, died in Los Angeles, Calif. 
on March 6. He was 84 years old. 

Mr. Knabenshue flew the first crude 
blimp in California in 1904 and in 1905 
made the first dirigible flight over New 
York City. He had been in retirement 
since 1949. 


Hugh C. Downey (M) 
February 26, 1960, New Smyrna Beach, 
Fla, 


IAS Sections 


Antelope Valley Section 
Current NASA Research Programs 


A special program designed to acquaint 
local professional personnel with the latest 
trends in NASA activities and to give them 
a firsthand look at the research equip- 
ment involved was the feature of the 
February 24 dinner meeting. The tech- 
nical program included four papers pre- 
sented by members of the staff of NASA 
Flight Research Center, Edwards, Calif., 
where the meeting was held. 


Papers presented were: ‘Utilization 
of the Pilot in the Launch and Injection of 
a Multistage Orbital Vehicle,” by E. C. 
Holleman (MIAS), N. A. Armstrong 
(AIAS), and W. H. Andrews (this paper 
was presented at the IAS 28th Annual 
Meeting); ‘Preview of Project ALSOR— 
Air-Launched Sounding Rocket Program,”’ 
by Wesley E. Messing (MIAS); ‘Review 
of Current Reaction Control Research,” 
by Donald Reisert ¢AIAS); and ‘“Sum- 
mary of Flight Boundary Layer and Aero- 
dynamic Noise Research,” by Gareth H. 
Jordan, and presented by Thomas V. 
Cooney (AIAS). All papers were illus- 
trated with motion pictures. 


Following the presentations, the IAS 
members inspected the research equip- 
ment used for the various programs, as 
well as the No. 1 X-15 which is being 
prepared at the NASA Flight Research 
Center for the start of its research career. 


James A. Martin, Publicity Chairman 


Columbus Section 
Hypersonic Test Facility 


Explaining that present development 
work at the Ohio State University 
Hypersonic Test Facility is aimed at 
raising the heater temperature to 5,000°R. 
and the flow rate to Mach 20, Richard E. 
Thomas spoke before the February 17 
dinner meeting. Mr. Thomas is Project 
Engineer for the Hypersonic Test Fa- 
cility of Ohio State University’s Aerody- 
namics Laboratory. The subject of his 
presentation was “‘Recent Developments 
in the Ohio State University Hypersonic 
Test Facility.” 

Mr. Thomas stated that the Facility 
has the capability of continuous flow with 
a Mach number range from 6 to 14, with 
a maximum heater temperature of 2,800° 
R. To take full advantage of the con- 
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tinuous flow capability, the models are 
mounted on a servo-controlled sting sup- 
port platform which allows for pitch and 
roll control of the model. 

The output from the tunnel and model 
instrumentation is fed directly to an 
Electronic Associates Analog Computer, 
allowing instantaneous data reduction, 
This combination is used for configura- 
tion development work with missiles, 
Recent project work has been done for 
the U. S. Air Force. 


James P. Loomis, Secretary 


Detroit Section 


Various Aspects of Propulsion 


Illustrating his discussion with photo- 
graphs and drawings of turbojet and 
rocket propulsion motors dating from the 
end of World War II to the present, 
Donald J. Ritchie presented an address on 
“Aircraft and Missile Propulsion in the 
Soviet Union” before the March 1 dinner 
meeting. Mr. Ritchie is Supervisory 
Mathematician, Advanced Research Pro- 
jects Group, Research Laboratories Dj- 
vision, Bendix Aviation Corp. 

Mr. Ritchie covered in detail the de- 
velopment of the turbojet engines from 
the direct copies of the German and 
British engines during the period 1945- 
1950 and the pure Russian designs fol- 
lowing for the next ten years to the pres- 
ent high-powered Russian engines used 
in the latest military aircraft. Also 
covered was the development of the 
rocket motors starting with a copy of the 
German V-2 motor of 55,000 Ib. thrust, 
up through various modifications of this 
motor, and the present Russian rocket 
motors in the 200,000 and 400,000 lb, 
thrust class. Also discussed were the 
nuclear powered turbojet and _ rocket 
motors now under development by the 
Russian scientists. 

Before the February 10 dinner meeting, 
David L. Lockwood, Aeronautical Re- 
search Scientist, Advanced Propulsion 
Division, Lewis Research Center, NASA, 
presented a paper entitled, ‘Problems 
in the Design and Operation of Ion Pro- 
pulsion Devices.” 

Mr. Lockwood discussed the most 
significant reason for consideration of ion 
propulsion devices, pointing out the an- 
ticipated ability of such a system to move 
very heavy payloads into greater orbit. 
He also presented the significant disad- 
vantages, including the relatively long 
(in time) mission requirements due to 
low thrust output of such an engine con- 
figuration, and a requirement for boosting 
the whole system out into orbit for as- 
sembly and shakedown. 

The discussion was most enlightening 
in the area of Mr. Lockwood’s description 
of tests currently being conducted on two 
prototype ion engines in unique test 
facilities at the Lewis Research Center 
and contemplated tests for other engine 
configurations. He also commented in 
detail on the many problems associated 
with the operation of metals and ceramics 
under extremely low pressure (vacuum) 
conditions and at elevated temperatures. 

This presentation included the exhibit 
of a scale model of a proposed Mars 
mission space vehicle powered by ion 
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The “Hound Dog” missile adds 
still more reach and punch to SAC’s 
long arm. Carried by a B-52 bomber, 
the missile can be launched several 
hundred miles away from the target, 
and is capable of delivering a 
nuclear payload. 

Before launching, the missile’s 
electrical needs are supplied by the 
mother ship. Once ‘‘Hound 
is on its own, a Bendix® AC/DC 
generator fully meets electrical 
power demands. In a great new 


GENERAL PRODUCTS DEPARTMENT 


Bonk Division 


EATONTOWN, NEW JERSEY 


Export Sales 
G di 


The GAM-77 ‘Hound Dog’’—North American Aviation’s Missile Division, prime contractor. 
This air-to-surface missile is carried by heavy bombers of USAF's Strategic Air Command. 


BENDIX AC/DC PACKAGE GENERATES DEPENDABLE 
IN-FLIGHT ELECTRICAL POWER FOR “HOUND DOG” 


breakthrough in voltage control, 
the unit is equipped with a Bendix 
transistorized static AC/DC volt- 
age regulator. The DC capacity of 
this Bendix AC/DC generator is 
provided with an addition of only 
five pounds in generator weight. 
Here is another example of the 
Bendix Red Bank concept of light- 
weight, reliable AC/DC power 
packages. 

Get further details from RED BANK 
GENERAL PRODUCTS DEPARTMENT. 


West Coast Office: 117 E. Providencia, Burbank, Calif. 


Affiliate: 
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**Hound Dogs’ '' Bendix AC/DC Generator, a 
brush-type unit rated at 9 KVA, 3 phase, 400 
cycle, 120/208 volts AC; 60 amps, 28 volts DC. 


AVIATION CORPORATION 


& Service: Bendix Internationq!, 205 E. 42nd St., New York 17,N. Y. 
Aviation Electric, Ltd., P.O. Box 6102, Montreal, Quebec 


for Capabilities 
tary 
as 
ig 
/ 
125 
a 


Discussing Boeing 707 model at February 18 meeting of New York Section are (left to 
right) W. Thomas Stark, who welcomed group to Fairchild’s Stratos Div.; Charles Tilgner, 
Jr., IAS Vice-President—Eastern Region; M. G. Beard, dinner speaker; and Rossa W. Cole, 


Section Chairman. 


rockets. Mr. Lockwood pointed out 
that there are currently about forty 
organizations in the U.S. working on 
projects allied to ion propulsion systems. 


FRANK L. MoONncHER, Secretary 


Indianapolis Section 
Space Power Discussed; 
New Appointments 


Colonel Rodney A. Jones, Chief, 
Accessory Lab., Wright Air Development 
Division, presented a discussion on 
“Space Power Systems of the Future” 
at the February 17 meeting. 

Col. Jones explained the role of the 
Accessory Lab. in the research and 
development of space power systems. 
The discussion of the various types of 
conversion systems included projected 
power requirements and areas of applica- 
tion for chemical, solar, and nuclear 
powered systems. 

Section Chairman H. Dean Wilsted 
announced the appointment of Dr. Paul 
E. Stanley of Purdue University as 
Regional Advisory Committee Repre- 
sentative for the Indianapolis Section, 
and of C. L. Walker as Secretary to serve 
out the term of Norman M. Jones who 
was recently transferred from the area. 


C. L. Waker, Secretary 


Los Angeles Section 


Section Presents 
Diversified Activities 


Film Night, February 26, was conducted 
by the Historical Committee. A Good- 
year film, “Big Race for Little Wings,” 
and three Bendix films, ‘“‘Airpower 1956,” 
“‘Airpower on Parade,’ and ‘‘Speaking of 
Airpower,”’ were the featured films. 

The February 23rd Specialists Meeting 
brought forth a presentation of ‘‘Steady, 
Two-Dimensional Flows About Hydrofoils 
with Gas Exhaust.’’ Mr. A. G. Fabula 
of the U. S. Naval Ordnance Test Station, 
Pasadena, discussed the theoretical and 
experimental research being conducted on 


126 


methods for controlling the forces and 
moments on hydrofoil. Use of gas jets 
spaced along the chord of the foil permits 
a controlled cavity flow regime. A linear 
theory developed by Mr. Fabula checks 
experiments and permits the design of a 
jet spacing and cavity pressure coefficient 
which results in desired foil characteristics. 

L. Eugene Root (FIAS), Group Vice- 
President, Missiles and Electronics, Lock- 
heed Aircraft Corp., addressed the Feb- 
ruary 18 Dinner Meeting. His classified 
paper was on “Some Observations on 
the Missiles and Space Age.” Dr. 
Theodore von Karman (HFIAS), Director 
of AGARD, and Elmer P. Wheaton 
(AFIAS), Vice-President—Engineering, 
Missiles and Space Systems, Douglas 
Aircraft Co., Inec., presented prepared 
comments on Mr. Root’s paper. 

The February 9 Specialists Meeting 
had Carl Muser of North American Avia- 
tion, Inc. as guest speaker. Mr. Muser’s 
topic was “Development of a Low Thermal 
Conductivity Alloy for Brazing Stainless 
Steel Honeycomb Sandwich.” He dis- 
cussed research conducted to find a 
brazing alloy which does not flow along 
nodes of the honeycomb core between 
sandwich facings, which flow creates an 
undesirable high heat conductivity path 
between facings. The discussion intro- 
duced the selection process and _ tests 
required to find an alloy compatible with 
the many operational restraints such as 
high temperature shear strength, thermal 
conductivity, solubility in silver, toxicity, 
corrosion, resistance, and cost. The final 
alloy chosen contains 84.6 per cent silver, 
7.5 copper, 5.5 indium, 2.2 palladium, and 
0.2 lithium. It has one-half the thermal 
conductivity of the original sterling- 
lithium alloy. 

The January 29 Historical Meeting 
presented an Air Race Forum featuring 
a panel of famous pilots and designers of 
race planes. Panelists were Russ Thaw, 
Ben Howard, James Haizlip, Gordon 
Isreal and Tony LeVier. Topics dis- 
cussed included motivations for racing, 
design advances due to racing, speed 
records, winning strategy, memorable 
experiences, technique in unstable air- 
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planes, and future possibilities. Movies 
by Zeno Klinker included many ojq 
newsreels of races of the 1934-1938 period. 

On January 13 and February 19, 
section members and guests toured the 
American Airlines Maintenance Facility 
at the Los Angeles International Airport. 
An opportunity to examine a Boeing 
707 in detail was supplemented by briefings 
and movies on the important features of 
the latest jet transports. 


S. J. Corsy, Secretary 


New York Section 
Transition to Jets 


M. G. Beard, American Airlines As. 
sistant Vice-President-Safety, was guest 
speaker before the February 18 dinner 
meeting at Fairchild Engine and Airplane 
Corporation’s Stratos Division. The topic 
of Mr. Beard’s discussion was ‘Oper 
ational Experience with the Boeing 707- 
123 Transport.” 


Indicating that the transition to jets 


was not an easy task for the pilot who had 
become accustomed to the more “‘for- 
giving” propeller-driven aircraft, Mr. 
Beard gave a detailed account of major 
and minor problems associated with the 
new jet equipment. He also stressed the 
importance of extremely careful flight 
planning. 

Problems peculiar to jets are noise, 
especially in the vicinity of airports, and 
foreign body ingestion by jet engines, 
Many of the mechanical problems men- 
tioned were typical of the ‘‘bugs’’ that 
plague any new, complex device. 

Mr. Beard concluded that the opera- 
tional experience with the Boeing 707 
has resulted in a much improved aircraft 
for airline use. 


R. M. Woopuan, Vice Chairman 


Niagara Frontier Section 


Psychology of Acceptance; 
Man and Project Mercury 


Emphasizing the need for keeping 
basic research free and clear from the 
pressures of politics and commercializa- 
tion, Harvey Gaylord, President of Bell 
Aircraft Corp., addressed the February 
10 meeting. Mr. Gaylord’s topic was 
“Factors in the Public Acceptance of New 
Designs.”’ 

Explaining that many wonderful ideas 
have failed because they have not sold 
themselves, Mr. Gaylord pointed out that 
this is due to several factors: state of the 
art, faulty timing, public resistance to 
change, lack of public education, political 
pressures, and lack of standardization 
requirements. 

Mr. Gaylord cited several examples of 
a lack of public acceptance which has 
hampered exploitation of the helicopter 
He pointed out the difficulties encountered 
in establishing heliports in urban areas 
and noted that eleven states do not have 
a single FAA certified heliport, lauding the 
city of Chicago for overcoming resistance 
and establishing a total of 140 heliports. 
He also told how it has been conclusively 


shown that city police departments need [ 


helicopters, but political pressures and 
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Accumulated Angular Drift Error—Degrees 


\ 


PERFORMANCE ACCURACY OF SYG-500 GYRO PLOTTED AGAINST MISSION TIME: a) Satellites and Ballistic Missiles, Ascent Phase; b) Tactical 
Aircraft (Short Range); c) Hypersonic Glide Vehicles; d) Cruise Missiles; e) Strategic Aircraft (Long Range); f) Marine Craft. 


Sperry SYG-500 FLOATED INTEGRATING GYRO offers 
full-mission accuracy. . . flight-proven reliability 


© New non-freezing Gyrolube™ flotation fluid 
Isoelastic gimbaling 

® Long-term drift stability 

© New long-life low-wear spin wheel bearings 


As requirements for inertial guidance 
systems continue to stiffen, Sperry an- 
swers with the SYG-500 Floated Inte- 
grating Gyro—available in production 
quantities for use in a wide range of 
ballistic missile, space vehicle, aircraft 
and marine applications. 


AIR ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY « DIVISION OF SPERRY RAND CORPORATION, GREAT NECK, N. Y. 
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The SYG-500 is the result of the most 
thorough study, analysis, evaluation, 
lab- and flight-testing of any floated 
gyro in production today. It is rugged, 
with full accuracy even after exposure 
to acceleration, vibration and impact 
shock (MIL-E 5272B). It is non- 
freezing; a new flotation fluid, Sperry 
Gyrolube, permitting unlimited storage 
between —65°F. and +180°F. without 
impairment of accuracy. Thermal equi- 
librium is rapidly attained as a result of 
advanced insulation techniques. New 


CUTAWAY VIEW OF SYG-500 


low-wear spin wheel bearings contrib- 
ute to a life in excess of 3500 hours. 
The Sperry SYG-500 is fully flight- 
proven on high performance aircraft. 
Write for detailed specifications and 
supporting data. 
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Dr. E. R. Jones views Cornell Aeronautical Lab.'s variable stability airplane 
prior to addressing Niagara Frontier Section’s January 13 meeting. With Dr. 
Jones are Leonard Seale of C.A.L., Program Chairman, and Robert Demarce of 


Bell Aircraft Corp. 


lack of public acceptance has relegated 
the police-helicopter budgets to a very 
low priority. The lack of acceptance was 
also discussed with respect to automatic 
landing systems, VTOL aircraft, and 
convertiplanes. 

The January 13 dinner meeting was 
addressed by Dr. E. R. Jones, an experi- 
mental psychologist actively engaged in 
the study of human factors problems in 
space flight at McDonnell Aircraft Corp. 
Dr. Jones discussed ‘‘Man’s Integration 
into the Project Mercury Capsule.” 

Dr. Jones opened his presentation by 
pointing out that the Project Mercury 
program involves not merely the capsule 
but a complete program integrating the 
man, the rocket, communications and 
control systems, and the recovery concept 
and will consist of not one but several 
shots. 

According to Dr. Jones, the role of the 
man in the Mercury capsule is two-fold: 
(1) he serves as an astrophysical observer 
and (2) he increases the chances of mission 
success by his ability to take corrective 
action in event of malfunction. In con- 
junction with the latter, Dr. Jones ex- 
plained failure analysis studies that have 
been made to insure optimum compata- 
bility between the man and the ground 
station in detecting, trouble shooting, 
diagnosing, and taking corrective action 
for malfunctions. He showed examples of 
several typical malfunctions. 

A movie was shown which illustrated 
the molded pilot’s seat, pressure suit, and 
the side-stick steering control. 


Joun M. Corp, Secretary 


A photo caption in the March issue, 
page 34, ‘incorrectly identified 
Richard K. Koegler as Chairman 
of the Niagara Frontier Section. 
Actually, Edward Y. Sing is Section 
Chairman, and Mr. Koegler should 
have been identified as Program 
Chairman for the November meeting. 
A/SE apologizes for this error. 
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St. Louis Section 


Specialists on Structures, 
Nuclear Weapons Address Section 


C. D. Marks, Chief Missile Strength 
Engineer, McDonnell Aircraft Corp., 
was guest speaker at the February 3 
Specialists Meeting. Mr. Marks (AFIAS) 
presented a discussion on ‘‘Structural De- 
sign of Hypersonic Vehicles,” considering 
the subject in 3 phases—criteria develop- 
ment, strength analysis, and structural 
development testing. 

It was pointed out that structural 
design criteria must be developed from 
scratch for each new missile due to the 
lack of standardized military specifications 
and the extremely specialized missions 
required of missiles. The high degree 
of structural efficiency desired in most 
missiles requires that the Mach number- 
altitude-load factor design boundary be 
optimized to produce equally critical 
conditions in all phases of the mission. 
The strength analysis requires considera- 
tion of the effects of elevated operating 
temperatures including thermal stresses 
and creep in addition to the reduction in 
material strength and stiffness properties. 
Much of this analysis is dependent on 
empirical methods because of the absence 
of rigorous theoretical methods at present. 
Development testing is the keystone to 
successful development of structures sub- 
jected to elevated temperatures. Tests 
made at elevated temperatures cost an 
order of magnitude more than tests run 
at room temperature. Present test in- 
strumentation has not reached a com- 
pletely satisfactory degree of reliability 
and therefore test results are sometimes 
questionable. The presentation was illus- 
trated with slides and a movie of a test 
run at elevated temperature. 

At the January 21 meeting, Lt. Col. 
James L. Beavers, II, USAF, discussed 
“The Air Force Special Weapons Center’s 
High Altitude Sounding Systems,” point- 
ing out that “special weapons” was the 
archaic term for ‘‘nuclear weapons.” 
Colonel Beavers is Chief, Special Projects 
Division, Research Directorate, AFSWC, 
Kirtland AFB. 
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The pod system utilizes an Atlas to 
carry aloft a 53-pound instrumented 
pod which is attached to the side of the 
Atlas body. At a predetermined time, 
squib bolts are fired and two 40-pound 
springs separate this instrumented pod 
from the Atlas. The pod flies the same 
trajectory as the Atlas all the way down 
range. The sampling of the radiation 
instrumentation is commutated and trans- 
mitted by FM to ground stations. 

There are several rockets in the ground- 
launched category. The Jason, consist- 
ing of five stages, carries a 50-pound 
payload of instruments to average alti- 
tudes of 550 statute miles. Twenty- 
two of these rockets were used in con- 
junction with the Argus project. The 
four-stage Javelin, despite ’its high initial 
acceleration of approximately 14 g's, 
requires approximately 10 r.p.s. spin on 
the final stage for stabilization purposes. 
During actual radiation measurements 
this is reduced to 2 r.p.s. The antennae 
on its final stage are extended 98 sec. 
after lift-off when the nose cone is ejected, 
Nine channels of FM telemetering are 
provided for transmission of data to 
ground stations. The somewhat larger 
Journeyman—the successor to the Jave- 
lin—designed for 2,000 miles altitude 
has been turned over to NASA rather 
than continued in development at the 
Special Projects Division. 


The JAQUAR falls in a third category 
of sounding systems. It is a three-stage 
rocket carried aloft on a B-57. A LABS 
(Low-Altitude Bombing-System) type ma- 
neuver is used during launch, the JA- 
QUAR being launched at approximately 
35,000 ft. altitude at an attitude angle 
of approximately 85 deg. After launch- 
ing, the JAQUAR coasts to an altitude of 
40,000 ft. and ignites; the first stage burns 
1.5 sec.; the remainder coasts 8.8 sec. 
to about 84,000 ft., then the second stage 
ignites; 2.0 sec. later, the third stage 
ignites at 140,000 ft. The burnout 
velocity is 13,500 ft./sec. This missile 
carries a 35-lb. payload and has 10 FM 
channels for data transmission. 


The design philosophy in these systems 
has been to cut cost to the minimum. 
For this reason some “‘frills’? have been 
eliminated, such as beacons and destruc- 
tion systems, as well as precise guidance 
equipment. Col. Beavers pointed out 
that this guidance equipment is not neces- 
sary for the Van Allen belt. Develop- 
ment costs have been minimized by the 
adaptation and modification of existing 
systems, primarily those developed by 
NASA as research test vehicles. The 
rocket engine cases are the primary 
structure members. The payload pods 
for these systems are fabricated at Kirt- 
land. The rockets are fired by Air 
Force crews and a minimum of contractor 
representatives are employed. . 


The primary utilization of these sound- 
ing systems is to determine the mechanisms 
by which the radiation from atom bomb 
detonations are affected at extreme alti- 
tude conditions. During the current 
moratorium on nuclear blasts, the deter- 
mination of natural radiation phenomenon 
can be utilized for exploring these mech- 
anisms. Colonel Beavers pointed out 
the desirability, from a flexibility stand- 
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New 
opportunities 
at Avco in 
space sciences 


The Avco-Everett Research Labora- 
tory is looking for exceptional indi- 
viduals to share in an expanding pro- 
gram of space-age research. 


This program includes exploration 
and development engineering of new 
concepts in these areas: 


e Satellite and Space Vehicle 
Design 


e Electric Propulsion for Space 
Vehicles 


e Generation of Electricity 


through MHD for both Ground 
Station and Space Application 


If you feel your interests and abilities 
will be stimulated by these new proj- 
ects, please write to: 


Dr. Arthur Kantrowitz, Director 
Avco-Everett Research Laboratory 
2385 Revere Beach Parkway 
Everett 49, Massachusetts 


Aveo / 


EVERETT 


/, RESEARCH 
LABORATORY 


A DIVISION OF AVCO CORPORATION 


point, of ultimately achieving a system 
launched from an aircraft at altitude and 
tracked by and data recorded on a com- 
panion airplane. The mobility of such 
a system freed from being tied to a specific 
ground environment would greatly en- 
hance the flexibility of these investiga- 
tions. 


MaRIANNE KELLY, Recording Secretary 


San Diego Section 


Field Trip to 
General Atomic Laboratory 


Dr. Theodore B. Taylor directed the 
section on a tour of the General Atomic 
Laboratory on January 26. Activities, 
facilities, and the operation of the TRIGA 
reactor were described to members, 
followed by the tour which included 
inspection of the TRIGA reactor, the 
hotshops with their remote manipulators, 
the experimental shops which produce 
reactor components, the fusion labora- 
tories where experiments are in process, 
and the engineering and administrative 
offices. 


F. W. Parry, Corresponding Secretary 


San Francisco Section 


The Pacific Missile Range 


Rear Admiral J. P. Monroe, Comman- 
der, Pacific Missile Range, Point Mugu, 
Calif., spoke on the facilities at PMR 
before the January 21 dinner meeting. 
Admiral Monroe defined the mission of 
the range as providing support for the 
Dept. of Defense, and for R&D programs 
of missiles and satellites. He noted that 
the PMR generates no projects, but rather 
is a service for projects on the range. 
The range contains all basic tools for 
launching both missiles and satellites— 
for example, tracking radar, data 
reduction facilities, impact predictors, 
and recovery capabilities. For manage- 
ment purposes, however, the Pacific 
Missile Range is divided into 5 sub- 
ranges: (1) the Sea Test Range, (2) the 
Ballistic Missile Range, (3) the Polar 
Orbit Range, (4) the Anti-Missile Range, 
and (5) the Equatorial Range. While 
each of these ranges is used for its own 
specialized purpose, all are tied together 
by time-code and communications sys- 
tems. 

In discussing who’s ahead in space, 
Admiral Monroe thought that in the bal- 
listic missile area, the U.S. is in excellent 
shape, with adequate air-to-air, air-to- 
ground, ground-to-air and_ surface-to- 
surface weapon system capability. He 
noted that this capability consists of 
mixed retaliatory weapons sufficient to 
devastate any adversary, and that basi- 
cally no need exists for matching any 
force on a soldier for soldier basis. In 
the satellite area, moreover he noted 
that the U. S. has put up 15 probes with 
7 still in orbit, in contrast with the 
Russians’ 6 probes of which 2 are still in 
orbit. With regard to information, the 
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U.S. has obtained about three times the 
data the Russians have, and on this basis 
he thought the U. S. ahead. In deep 
space, Admiral Monroe stated that the 
U. S. is definitely behind. He noted 
two reasons for this: (1) lag in U. S. pro- 
pellant development and (2) Russian 
desire for propaganda material. Neither 
of these, he observed, have any effect on 
national security since there is no imme- 
diate military need to be in deep space. 
Deep space probes have scientific value 
only and accordingly are civilian (NASA) 
responsibility. In closing, Admiral Mon- 
roe showed an interesting film on launch- 
ings of some of the ICBM’s. 


NORMAN BERGRUN, Secretary 


Wichita Section 
Science in Space 


Holding forth little hope of our being 
able to leave our own solar system on 
exploratory trips due to time and energy 
considerations, Dr. Richard W. Porter 
(MIAS) addressed the February 15 
joint section meeting of the IAS, SAE, 
and ARS. Dr. Porter, Consultant for 
Engineering Services to the General 
Electric Co., discussed ‘‘Science in Space.”’ 

Employing non-technical terminology 
and using familar objects to make up a 
space model, he illustrated the distance 
and time relationships which are encoun- 
tered by space technologists in their 
exploration of our solar system. He 
described the expanding scope of scientific 
research as involving first the earth, then 
the moon and interplanetary space, and 
finally the cosmos. He enumerated some 
of the major findings, as well as some 
remaining questions, from each stage of 
exploration. Intriguing possibilities for 
the use of radiation phenomena were 
mentioned, such as the control of the 
ionosphere to produce light. 

Dr. Porter pointed out the useful re- 
sults of research within the solar system, 
directed toward increased knowledge of 
the basic physical nature of the universe. 
He used as one example the atomic clock, 
which according to general theory of 
relativity should function at a rate de- 
pending on the gravitational potential 
within which it operates. The use of 
satellites carrying atomic clocks to verify 
the theory was pointed out. 


RosBert K. WatTTSON, JR., Secretary 


Attention Members! 

All Members of the Institute 
are invited to submit material 
concerning their activities for 
publication in the news columns 


of Aero/Space Engineering. 
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THE /-2-3 OF NOISE MEASUREMENT 


SOUND-SURVEY METER, TYPE 1555-A... $165 
With this handy, battery-operated and self-contained instrument you can “‘survey 
your plant or office, pinpoint the noise at its source, and note its relative level. 


* One-hand Operation . . . Function and Level Controls 
operated with thumb and fingertips. 


* Function Switch permits selection of meter 

characteristics based on American Standards . 
Association requirements. Two check positions show 
condition of batteries at a glance. 


* Easy to Read .. . Sound level is given by setting 
of Level Control plus meter reading. For example, 
instrument in photo indicates 100 db plus 4 db or 
104 db. Range is from 40 to 136 db above standard 
reference level. 


* Compact.. fits in coat pocket »* Inexpensive 


SOUND-LEVEL METER, TYPE 1551-B.. . $415 
This is a more versatile instrument than the Sound-Survey Meter, suitable for the 
most exacting acoustic measurements. It permits accurate measurements over a 
wide range, from 24 to 140 db (and to 170 db with accessory microphone). Its 
three-stage amplifier system has an essentially flat frequency-response charac- 
teristic from 20 cycles to 20 ke which makes this instrument an excellent pre- 
amplifier for analyzers and recorders of all types. A convenient calibration 
circuit permits rapid standardization at any time. 


FOLLOW-UP WITH DETAILED NOISE ANALYSIS 


For detailed analysis of the frequency spectrum, one or more of the analyzers described below 
are recommended for use with the Type 1551-B Sound-Level Meter. 


IMPACT NOISE ANALYZER, 


OCTAVE-BAND NOISE ANALYZER, 

TYPE 1550-A ... $575... . permits deter- 
mination of the frequency distribution of the 
noise, i.e., whether the noise is concentrated 
in a particular area of the frequency spectrum. 
Such analysis provides the information that 
is needed for corrective action. Measurements 
of relative noise levels in each of eight octave 
bands can be made over the frequency range 
from 20 cps to 10,000 cps, the section of the 
audio spectrum in which most machinery 
noises occur. 


SOUND AND VIBRATION ANALYZER, 

TYPE 1554-A ... $1060... measures the 
amplitudes of individual frequency compo- 
nents or of narrow bands over the audio spec- 
trum. The details of analysis are much “‘finer”’ 
than provided by the Octave-Band Noise 
Analyzer. Consequently, the Sound and 
Vibration Analyzer is invaluable for the study 
of reciprocating, rotating, or cyclic-machinery 
noises and vibrations whose frequency spectra 
usually consist of discrete frequency com- 
ponents that are harmonically related. Fre- 
quency range is 2.5 to 25,000 cps. 


For complete information, write for the Sound Bulletin. 


GENERAL RADIO COMPANY 


WEST CONCORD, MASSACHUSETTS 


TYPE 1556-A ... $220... for the accurate 
measurement of short-duration impact noises 
emitted by punch presses, metal shears, rivet- 
ing, the firing of weapons, typewriters, and 
other impact-noise producing equipment. 
This instrument measures three essential im- 
pact-noise characteristics over the range from 
5 cps to 20 ke: 


Peak Reading Measurement indicates the maximum 
instantaneous level reached by the noise. 


Time Average, 2 measure of the average level of the noise 
over a Selected period of time. 

Quasi Peak measurement gives a continuous indication of 
the peak sound level. 


NEW YORK, WOrth 4-2722 CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO Los yveaet waned IN ome 
R 7 P i Oak Park Abington Silver Spring Los Altos Los Angeles ‘oronto 
NEW JERSEY, Ridgefield, WHitney 3-3140 Village 8-9400 HAncock 4-7419 JUniper 5-1088 Whitecliff 8-8233 HOllywood 9-6201 CHerry 6-2171 


132  Aero/Space Engineering + May 1960 


} 
t 
Sas 
x 4 


elow 


curate 
noises 
, Tivet- 
's, and 
pment. 
ial im- 
e from 


aximum 
the noise 


cation of 


ANADA 
ronto 
6-217) 


... current literature of aeronautical engineering and space technology 


Tuis SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


For a listing of the principal periodicals 
received in the IAS Library, please refer 
to the January, 1959, issue. 


The ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

Lenpinc Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocory Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


PERIODICALS AND 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 


Subject Index to Periodicals & Reports 


Acoustics, Sound, 134 
Aerodynamics, Fluid Mechanics 
Aerothermochemistry, Dissociation, 


134 

Aeronautics, General................... 138 
Airplanes 
Control Systems, Automatic Pilots..... 138 
Landing, Landing Loads.............. 138 
Operating Characteristics, Economics. 138 
Aviation & Space Medicine............. 138 
Human 142 
142 
EGucation Gy 142 
145 
Antennas, 145 
Circuits & Components............... 145 
Construction Techniques............. 147 
147 
Oscillators, Signal Generators......... 147 
147 
Fuels & Lubricants 148 
Ice Formation & Prevention 148 
Flow Measuring Devices............... 148 
Pressure Measuring Devices.......... 148 
Stress & Strain Measuring Devices.... 148 
Temperature Measuring Devices...... 148 
Laws & Regulations.................... 148 
Machine Elements 
Mechanisms & Linkages.............. 148 
Rotating Discs & Shafts............... 148 
Transmissions, Clutches, Drives...... 148 
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Materials 
Ceramics & 
Corrosion & Protective Coatings....... 
High Temperature 
Metals & Alloys, Nonferrous 
Nonmetallic 

Mathematics 
Algebras..... 
Differential Equations................. 
Functions & Operators................ 
Numerical Analysis. 
Physical Applications................. 
Probability, 

Atmospheric Structure & Physics..... 
Upper Alc 

Missile, Rocket, & Space Technology.... 
Guidance, Control, Stability........... 


Research, Research Facilities........... 
Rocket Sleds, Tracks 


Structures 
Beams & 
Cylinders & Shells... 
Elasticity & Plasticity. 
Plates with 
Sandwich 


Water-Based 180 
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Acoustics, Sound, Noise 


Reflection and Refraction of Sound by Shock 
Waves. V.M. Kontorovich. Sov. Phys. - Acous., 
Feb., 1960, pp. 320-330. 12 refs. Translation. 
Study of reflection and refraction of small 
perturbations at surfaces of discontinuity in a 
liquid or a gas. The coefficients of reflection and 
transmission of sound are determined, and the 
reflection and refraction laws are given in simple 
geometric form. 


Special Issue: Noise. Bus./Coml. Av., Feb., 
1960, pp. 32-42. Partial Contents: Noise—A 
Threat to Aviation. How the Problem Grew. 
The Deadlock. The Way Out. Discussion of 
the noise problem in terms of both technical and 
political aspects. 

A Controlled Experiment on the Subjective 
—— of Jet Engine Noise. W.C. T. Copeland, 

. Davidson, T. J. Hargest, and D. W. Robin- 
dag RAeS J., Jan., 1960, pp. 33-36. Presenta- 
tion of test results ‘showing that (a) Beranek’s 
empirical method of subjective noise assessment 
by the “‘disturbance”’ criterion applies reasonably 
well to comparisons of existing fixed-wing air- 
craft noises; (b) the distinction between loudness 
and disturbance is a fine but valid one; and (c) 
the addition of discrete frequencies to random 
noise (for equal overall sound pressure level) has 
no effect on apparent loudness, but causes it to be 
judged some 2 db. more disturbing. 


The Noise Field from Peta | Nozzles at 


Different Mach Numbers. J. G. . Williams 
and D. C. Stevenson. Git. Brit., ARC CP 448 
(Aug., 1957)1959. 34 pp. 17 refs. BIS, New 


York, $0.99. Experimental study of the noise 
radiated by unheated air jets issuing from a series 
of designed 1/2-in. exit diameter nozzles at 
velocities of 800 to 1,800 ft. per sec. Acoustic 
efficiency is investigated and the results are com- 
pared with those obtained previously. Also 
includes a comparison of convergent-divergent 
nozzles with other types. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, 
Ablation 


Inviscid Flow of a Reacting Mixture of Gases 
Around a Blunt Body. Wilbert Lick. (Rens- 
selaer Polytech. Inst. Dept. Aero. Eng. TR AE 
5810; TR AE 5814, May; Dec., 1958.) J. 
Fluid Mech., Jan., 1960, pp. 128-144. 

Mach-Line Determination for Air in Dissocia- 
tion Equilibrium. R.J. Heyman. J. Aero/Space 
Sci., Apr., 1960, pp. 311, 312. Derivation of a 
relation between Mach angle and Mach number 
when the air is in dissociation equilibrium. 


On Similar Solutions of the Boundary Layer 
Equations for Air in Dissociation Equilibrium. 
R.L. Dommett. RAeS J., Jan., 1960, pp. 36, 37. 


Experimental Study of an Ablating Sphere with 
Hydromagnetic Effect Included. J. Bonton. 
J. Aero/Space Sci., Apr., 1960, pp. 306, 307. 
USAF-supported investigation to verify theories 
explaining the mechanism of material ablation 
and the magnetohydrodynamic interaction with 
the ionized shock layer. 


Aerothermodynamics 


Aerodynamic-Heating Data Obtained from 
Free-Flight Tests Between Mach Numbers of 1 
and 5. Ch. B. Rumsey, R. O. Piland, and R. N. 
Hopko. U.S., NASA TN D-216, Jan., 1960. 
21 pp. Presentation of test results indicating 
agreement with Van Driest’s theory for heat 
transfer on a cone with turbulent flow from the 
nose tip. 


Maximum Turbulent Boundary Layer Heating 
Rates on a Hemispherical Nose. P. D. Arthur 
and J. C. Williams, III. ARS J., Feb., 1960, 
pp. 207, 208. Development of a simple approxi- 
mate expression for the maximum turbulent heat 
— rate based on the equations given by Van 

riest 


Approximate Method for Determining Laminar 
Heat Transfer Rates. H. S. Pergament and 
Melvin Epstein. ARS J., Feb., 1960, p. 206. 
USAF-supported application of Lees’ result for 
the hypersonic laminar heat transfer around blunt 
nosed bodies to the case of bodies of various 
shapes. It is found that if an appropriately de- 
fined heat transfer parameter is plotted against 
surface inclination angle, then, for a given free- 
stream Mach number, the resulting curves are 
almost independent of body shape. 

Analysis of Turbulent Flow and Heat Transfer 
on a Flat Plate at High Mach Numbers with 
Variable Fluid Properties. R.G. Deissler and A. 
L. Loeffler, Jr. U.S... NASA TR R-17, 1959. 
33 pp. 34 refs. Supt. of Doc., Wash., $0.40. 
Extension of previous analyses of turbulent heat 
transfer and flow with variable fluid properties in 
smooth passages, to include the flow over a flat 
plate at high Mach nunibers. Velocity and 
temperature distributions are calculated for a 
boundary layer in which the effects of both 
frictional heating and external heat transfer are 
appreciable. 

An Additional Note on Equilibrium Skin Tem- 
peratures. B. Saelman. J. Aero/Space Sci., 
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Apr., 1960, p. 320. Presentation of an improved 
method using a binomial expansion for terms 
neglected in a previous analysis. 


Boundary Layer 


Mixing of Boundary Layers at a poueee or Gas 
Interface. Iu. A. Dem’ianov. (Pri at. ¢ 
Mekh., Mar.-Apr., 1959, pp. 370-375.) “_PMM— 
Appl. "Math. & Mech., No. 2, 1959, pp. 520-527. 
Translation. 


Low-Speed Wind-Tunnel Tests on the De 
Havilland Sea Venom with Blowing Over the 
Flaps. S. F. J. Butler and M. B. Guyett. Gt. 
Brit., ACR R&M 3129 (Feb., I pale 1959. 55 pp. 
13 refs. BIS, New York, $3.60. 


A Closed Formula for the ae of a Flat Plate 
with Transition in the Absence of a Pressure 
Gradient. A. R. Collar. RAeS J., Jan., 1960, 
pp. 38, 39. Derivation of a closed analytical 
formula assuming the presence of a transition 
point. The derived formula is compared with the 
results obtained by Prandtl and Schlichting. 


On Boundary-Layer Transition Wires. J. C. 
Gibbings. Gi. Brit., ARC CP 462 (Dec. 3, 1958) 
1959. 32 pp. 27 refs. BIS, New York, $0.72. 
Discussion of the effect of a single spanwise wire 
upon the downstream position of boundary-layer 
transition. 

First-Order Solution to the Compressible 
Laminar Boundary Layer in Slip Flow. Anthony 
Casaccio. J. Aero/Space Sci., Apr., 1960, pp. 
319, 320. Application of continuum-flow equa- 
tions to the slip-flow region using suitable modifi- 
cations to the boundary conditions to account for 
the viscous slip and lack of complete accommoda- 
tion at the body surface 


A Rapid Method for Estimating the Shear 
Stress and the Separation Point in Laminar In- 
compressible Boundary-Layer Flows. Andreas 
Acrivos. J. Acro/Space Sci., Apr., 1960, pp. 
314, 315. 


Turbulent Boundary Layer on a Yawed Cone in 

a Supersonic Stream. Appendix—Selection of 
Stress Terms. W.H. Braun. U.S., 

NASA TR R-7,1959. 16 pp. 22refs. Supt. of 
Doc., Wash., $0.30. Derivation of the momen- 
tum integral "equations for the boundary layer on 
an arbitrary curved surface, using a streamline co- 
ordinate system. Computations of the turbulent 
boundary layer on a slightly yawed cone are made 
for a Prandtl number of 0.729, wall to free-stream 
temperature ratios of 1/2, 1, and 2, and Mach 
numbers from | to 4. 


Control Surfaces 


Pressure Distribution Tests on Two Flap 
Configurations of an NACA 63A216 Airfoil Sec- 
tion. J. L. Stalter. U. Wichita Dept. Eng. Res. 
Rep. 313, July, 1958 61 pp. 

The Estimation of Tail Loading Due to Ele- 
vator-Induced Pitching Manoeuvres. II—Quan- 
titative Discussion. P. F. Richards. Azrcraft 
Eng., Feb., 1960, pp. 37-51. Presentation of an 
approximate method for the quick estimation of 
tail load maxima and associated torques during 
the checked maneuver and confirmation for the 
unchecked maneuver. Numerical values of 
critica] elevator actions to be associated with the 
airworthiness design case are considered. 


Vertical-Tail Loads Measured in Flight on Four 
Airplane Configurations at Transonic and Super- 
sonic Speeds. R. D. Reed. U.S., NASA TN 
D-215, Feb., 1960. 31 pp. 11 refs. Presenta- 
tion of the vertical-tail loads measured on four 
airplane configurations for trim flight at altitudes 
from 40,000 ft. to 70,000 ft. and at Mach numbers 
from 0.70 to 2.08. The effects of Mach number, 
sideslip, and rudder deflection at low angles of 
attack and sideslip are shown. 


Flow of Fluids 


Behaviour of Smal! Regions of Different Gases 
Carried in Accelerated Gas Flows. Appendix— 
Impulsive Motion of an Infinite Lamina and Sub- 
sequent Formation of a Linear Vortex Pair. 
George Rudinger and L. M. Somers. J. Fluid 
Mech., Feb., 1960, pp. 161-176. 17 refs. Com- 
parison of the flow velocity behind known pressure 
waves in ashock tube with the observed velocity of 
a bubble produced by a spark discharge. If the 
spark discharge is replaced by a small jet of 
another gas, a pressure wave cuts off a section of 
this jet which then represents a bubble of known 
density. A theory is developed which permits 
computing the response of such bubbles to accel- 
erations. 


Hydraulic Analogue for One-Dimensional Un- 
steady Gas Dynamics. Appendix—Discussion 
on the Assumption That the Velocity is Constant 
Over the Entire Cross-Section. W. H. T. Loh. 
Franklin Inst. J., Jan., 1960, pp. 43-55. 14 refs. 
Analysis showing that the equations of continuity, 
momentum, energy, waves, and wave propaga- 
tion are identical for an isentropic perfect gas 
flow having any specific heat ratio and an incom- 
pressible frictionless water flow in an open hori- 
zontal channel of a cross section described by the 
equation z = Cy". 

neuere Ergebnisse zur hydrodynami- 
schen Stabilitdtstheorie. Henry Goértler. ZFW, 


Jan., 1960, pp. 1-8. 35 refs. In German. 
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Presentation of some results from theoretical work 
on hydrodynamic stability in order to contribute 
to the understanding of the mechanism of the 
transition from laminar to turbulent flows 


On the Theory of Nonlinear Conical Flows. 8. 
M. Bulakh. (Prikl. Mat. i Mekh., July-Aug., 
1955, pp. 393-409.) Grumman Aircraft Eng. 
Corp. Res. Dept. Rep. TR-16, Dec., 1959. 32 pp. 
Translation. Analysis considering the flow over 
conical bodies partially projecting from the Mach 
cone of the undisturbed stream. The influence 
of vortices, and also of jumps in entropy after 
shock waves of moderate strength, is not taken 
into account, which is valid to within third order, 

On the Theory of Conical Flows. B. M 
Bulakh. (Prikl. Mat. i Mekh., Jan.-Feb., 1957, 
pp. 143, 144.) Grumman Aircraft Eng. Corp. 
Res. Dept. Rep. TR-12, Dec., 1959. 4 : 
Translation. Discussion of supersonic conical 
flows adjoining a homogeneous flow of gas along a 
Mach cone. 


The Flow Around Conical Bodies During the 
Motion of a Gas with Supersonic Velocity. A. L, 
Gonor. (AN SSSR Otd. Tekh. Nauk Izv. Mekh.i 
Mashinostr., Jan.-Feb., 1959, pp. 34-40.) Grum- 
man Aircraft Eng. Corp. Res. Dept. Rep. T R-13, 
Dec., 1959. 18 pp. Translation. 


The Oseen Flow Past a Circular Disk. L. M, 
Hocking. Quart. J. Mech. & Appl. Math., Nov., 
1959, pp. 464-475. Analysis of the streaming 
motion of a viscous liquid past a circular disc, 
fixed normal to the stream, on the basis of Oseen’s 
approximation by taking distributions of singular 
solutions of the equations of motion over the sur- 
face of the disc. The solution is found for low 
Reynolds numbers in the form of a series expan- 
sion in the Reynolds number. 


Arc-Tangent Fits for Pressure and Pressure- 
Drag Coefficients of Axisymmetric Blunt Bodies at 
All Speeds. Ta Li. J. Aero/Space Sci., Apr., 
1960, pp. 309-311. 11 refs. 


The Flow Over a Body by a Stream of a Non- 
Ideal Gas with Velocities. G. 
A. Lyubimov. R Otd. Tekh. Nauk Iz. 
Mekh. i Mashinostr., Pcty -Feb., 1959, pp. 173- 
176.) Grumman Aircraft Eng. Corp. Res. Dept. 
Rep. TR-17, Dec., 1959. 9 pp. Translation. 


Half-Model Measurements of Longitudinal 
Force and Moment Characteristics of AGARD 
Model ‘“‘B”’ at Subsonic and Supersonic Speeds. 
J. G. Laberge. Canada, N RC Aero, Rep. LR-267, 
Dec., 1959. 25 pp. 


Osesimmetricheskie Potentsial'nye 
idkosti. O. P. 
Sidorov. MVO SSSR VUZ Izv. Av. Tekh., No.1, 
1958, pp. 37-42. In Russian. Investigation of 
the flow about (a) a solid body of revolution, (b) 
an annular wing, and (c) an annular wing and an 
internal solid body. The calculated results 
show good agreement with exact solutions and 
with those obtained for solid bodies of revolution 
by other methods and experimentally. 


Interaction Force Between a Prolate Spheroid 
and an Axially Symmetric Vortex Ring in Poten- 
tial Flow. 4 . Yeh and J. Martinek. 
Reed Res. Inc. FR RR- 1476, Sept. 30, 1959. 33 
pp. ONR-supported formulation of the force ex- 
perienced by a deeply submerged prolate spheroid 
in a potential flow due to an axially symmetric 
vortex ring and a uniform flow. 


Low-Speed Experiments on the Wake Charac- 
teristics of Flat Plates Normal to an Air Stream. 
R. Fail, J. A. Lawford, and R. C. W. Eyre. 
Gt. Brit., ARC R&M 1957) 1959. 
21 pp. BIS, New York, $0. 


Hypersonic Flow Near Edge 
Flat Plate. H. T. Nagamatsu and T. Y. 
(Am. Phys. Soc. Meeting, New York, Jan., 1959) 
Phys. Fluids, Jan.-Feb., 1960, pp. 140, 141. 
USAF-supported examination of the slip phenom- 
enon at the leading edge of a plate for hyper- 
sonic flows. 


Boundary Layer Over a Flat Plate in Presence 
of Shear Flow. Lu Ting. (Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 524, Mar., 1959.) Phys. Fluids, Jan. -Feb., 
1960, pp. 78-81. USAF-sponsored study. 


On the Lifting Force of Source and Dipole in 
Bounded Fluid Stream. A. | Kostiukov. 
(Prikl. Mat. i Mekh., Mar.-Apr., 1959, pp. 389- 
391.) PMM— Appl. Math. & Mech., No. 2, 
1959, pp. 547-550. Translation. Determina- 
tion of the value of the lifting force (and of the 
force of the lateral resistance) acting on hydro- 
mechanical singularities as they move at veloc- 
ities both sufficiently small and large under the 
free surface of an ideal fluid bounded by walls. 


Magnetohydrodynamics. Bernard Steginsky. 
Battelle Tech. Rev., Feb., 1960, pp. 3-9. _Presenta- 
tion of the possible use of a practical facet 
of compressible fluid flow in the solution of prob- 
lems associated with control of the thermonuclear 
reaction, propulsion of space vehicles, and hyper- 
sonic aerodynamics. The fundamental mecha- 
nisms involved and the possible methods of 
utilizing the new knowledge are studied. 


Flow Problems in Magnetohydrodynamics. 
M. D. Ladizhenskii. (Prikl. Mat. i Mekh.. 
Mar.-Apr., 1959, pp. 292-298.) PMM—Appl. 
Math. & Mech., No. 2, 1959, pp. 419-427. Trans- 
lation. Study of the problem of flow around a 
body considering the case of internally generated 
magnetic as well as electri fields. The solution 
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ITT single responsibility meets every need in 


SIMULATORS 


—for all aero/space, ground 
and marine operations 


20-foot Trailer-housed 
NIKE RADAR SIMULATORS 
—from design to production 


‘Tesining radar crews to “fire” the U.S. 
Army’s supersonic surface-to-air Nike missile 
is the big job of the 15-D-2 System —engineered 
and designed by ITT Laboratories and pro- 
duced by ITT Federal Division. Ninety-six 
“trailerized’’ units have already been built. 

For the Navy, ITT Federal Division pro- 
duced in quantity the Sonar Operators’ Target 
Classification Trainer System —incorporating 
all types of sonar-received sounds. 

Simulation of Loran-C long-range and Tacan 
short-range radio navigation systems are other 
important projects at ITT Federal. 

These are among the many prime examples 
of the scope of IT'T’s single responsibility for 
simulators to support today’s complex elec- 
tronically-controlled tactical operations. 

In one stroke, ITT’s coordinated capabilities 
provide proved-in experience in research, de- eral’s Facilities: 
sign, prototypes, quality-controlled hardware, 28 pages of timely and interesting data 

For full information on any type of simu-  Glectronics 
lator, write to ITT Federal Division. industry and national defense. 


Write to Dept. B-12 


Sederal Division 


100 KINGSLAND ROAD e CLIFTON, NEW JERSEY 
Fort Wayne, Indiana 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 


RESEARCH, DEVELOPMENT, ENGINEERING, PRODUCTION, SYSTEM MANAGEMENT & STANDARDS LABORATORY FACILITIES * GUIDED MISSILE ELECTRONICS 
GROUND SUPPORT TEST EQUIPMENT °* ATTACK-DEFENSE SIMULATORS * RADIO NAVIGATION SYSTEMS * RADIO COMMUNICATIONS ° RADAR 
O/H MICROWAVE °* INFRARED DEVICES * ELECTRONIC COUNTERMEASURES * SPECIAL TEST EQUIPMENT 
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of this problem is carried out for infinite and 
large values of the magnetic Reynolds number. 


Flight Magnetohydrodynamics. A. R. Kan- 
trowitz. Avco Everett Res. Lab. RR 51 (AFOSR 
TN 59-882) ( AFBMD TN 59-27), Mar., 1959. 
18 pp. Discussion of the possible flight applica- 
tions of magnetohydrodynamics and the condi- 
tions under which they might be practical. The 
generation of magnetohydrodynamic drag forces 
and the production of lift with a magnetic field 
are explored. 


Simple Waves in Magnetohydrodynamics. A. 
I. Akhiezer, G. Ya. Lyubarskii, and R. V. Polo- 
vin. Sov. Phys. - Tech. Phys., Feb., 1960, pp. 
849-854. Translation. Analysis considering the 
relation between simple waves and ordinary 
plane waves. It is shown that in magnetohydro- 
dynamics, as in ordinary hydrodynamics, in the 
absence of shock waves a region of constant flow 
can be bounded only by a simple wave. 


A Shallow-Liquid Theory in 
dynamics. L. E. Fraenkel. (GALCIT Rep., 
ae 1959.) J. Fluid Mech., Jan., 1960, pp. 
81-107. 18 refs. Extension ‘of the nonlinear 
and linear ‘‘shallow-water’’ theories, which 
describe long gravity waves on the free surface of 
an inviscid liquid, to the case of an electrically 
conducting fluid on a horizontal bottom in the 
presence of a vertical magnetic field. 


Steady Finite Motions of a Conducting Liquid. 
R. R. Long. J. Fluid Mech., Jan., 1960, pp. 
108-114. Analysis showing that, in certain cases 
of steady motion of a conducting fluid in a mag- 
netic field, the primitive equations may be inte- 
grated once, yielding a second-order partial 
differential equation in the stream function. 
This equation is highly nonlinear in general, but, 
for certain choices of basic flow and magnetic 
fields, is tractable. 


Transverse Compression Waves in a Stabilized 
Discharge. Daryl Reagan. Phys. Fluids, Jan.- 
Feb., 1960, pp. 33-39. USAF-supported study 
showing that an electric discharge, which is com- 
pressed by its own magnetic field and ‘‘stabilized’”’ 
by means of an axial magnetic field, can have 
transverse wave motions which cause its periodic 
compression and expansion. This kind of motion 
can cause the heating of the ions in the discharge. 
The simplest of these wave modes are described 
and an estimate is given of the power available to 
the waves as a result of the interaction of the 
em in the discharge with an axial electric 

eld. 


Ion Wave Instabilities. I. B. Bernstein, E. A. 
Frieman, R. M. Kulsrud, and M. N. Rosenbluth. 
Phys. Fluids, Jan.-Feb., 1960, pp. 136, 137. Dis- 
cussion showing the existence of a low-frequency 
ion wave instability, which can occur during the 
time the particle loss is observed, and which can 
give rise to excitation of ion waves above thermal 
equilibrium levels. 

gg Study of Alfvén-Wave Properties. 
J. M. Wilcox, F. I. Boley, and A. W. De Silva. 
Phys. Fluids, Jan. -Feb., 1960, pp. 15-19. 10 refs. 
Investigation of the velocity, attenuation, 
impedance, and energy transfer of Alfvén waves 
propagating through a cylindrical plasma. 


Heat Transport by Convection in Presence of 
an Impressed Magnetic Field. Yoshinari Naka- 
gawa. Phys. Fluids, Jan.-Feb., 1960, pp. 87-93. 
ONR-supported study of the effect of an impressed 
field on heat transport by convection, which 
arises from instability in a layer of an electrically 
conducting fluid, bounded between two constant 
temperature surfaces. It is shown that such a 
field reduces the amount of heat transported by 
convection. 


Flow of a Partially Ionized Gas in an Axial 
Magnetic Field. P. J. Dickerman and C. F. 
Price. Phys. Fluids, Jan.-Feb., 1960, pp. 137, 
138. Investigation of the influence of an axial 
field on the flow properties and heat transfer 
characteristics of an ionized gas in a cylindrical 
flow channel. 


Test Particles in a Completely Ionized Plasma. 
Norman Rostoker and . Rosenbluth. Phys. 
Fluids, Jan.-Feb., 1960, pp. 1-14. llrefs. Deri- 
vation of an equation for the time evolution of the 
distribution function of the test particle whose 
asymptotic form is of the usual Fokker-Planck 
type. It is characterized by a frictional-drag 
force that decelerates the particle and a fluctua- 
tion tensor that produces acceleration and 
diffusion in velocity space. 

The Wave Motions of Small Amplitude in a 
Fully Ionized Plasma. I—Without External 
Magnetic Field. S. I. Pai. U. Md. Inst. Fluid 
Dynamics & Appl. Math. TN BN-191 (AFOSR 
TN 59-1271), Nov., 1959. 24 pp. 12 refs. 
Applications of a complete two-fluid theory to 
study the infinitesimal wave motion in a fully 
ionized plasma, so that all the fluid dynamic 
variables (velocity vector, pressure, temperature, 
and density) for both ions and electrons will be 
considered as unknowns. 

Absorption of Plasma Waves. T. H. Stix. 
Phys. Fluids, Jan.-Feb., 1960, pp. 19-32. 19 refs. 
Analysis of the propagation of waves through a 
plasma, wherein the density and/or magnetic 
field strength are slowly varying functions of 
position. 

Instability of Contra-Streaming Plasmas. P. 
J. Kellogg and Harold Liemohn. Phys. Fluids, 
Jan.-Feb., 1960, pp. 40-44. Analysis of insta- 
bilities in colliding ionized hydrogen beams for the 


nonzero temperature case by taking Maxwell dis- 
tributions for the equilibrium density functions. 
At sufficiently high temperature it is found that 
the random thermal motion will prevent growing 
oscillations. 


Experimental Investigation of a High-Energy 
Density, High-Pressure Arc log A. 
Martin. J. Appl. Mech., Feb., 1960, pp. 255— 
267. Experimental study of the fundamental 
parameters of a plasma at 30,000°K. and 10,000 
atm. pressure, using an underwater spark. 
Phenomena related to the initiating wire (ex- 
ploded wire) are discussed. Detailed energy 
balance and particle balance are carried out. The 
results show that the plasma has great capability 
to store energy in dissociation, excitation, and 
ionization without a corresponding increase in 
temperature. 


Performance of a Hydromagnetic Plasma 
Gun. John Marshall. Phys. Fluids, Jan.- 
Feb., 1960, pp. 134, 135. 


Supersonic Axisymmetric Conical Flows with 
Conicals Shocks Adjacent to Uniform Parallel 
Flows. G. L. Grozdovskii. (Prikl. Mat. i 
Mekh., Mar.-Apr., 1959, pp. 379-383.) PMM— 
Appl. Math. & Mech., No. 2, 1959, pp. 532-538. 
Translation. Study of all the possible classes of 
supersonic axisymmetric conical flows with 
conical shock waves adjacent to uniform parallel 
flows. Two new types of conical flow are ob- 
tained—i.e., converging flows behind conical 
te and diverging flows ahead of conical 
shocks. 


Triple-Shock-Wave Intersections. Joseph 
Sternberg. (Phys. Fluids, Mar.-Apr., 1959, pp. 
179-206.) U.S., BRL Rep. 1068, Mar., 1959. 
91 pp. Investigation of the validity of the bound- 
ary conditions which have been used at the 
intersection of three shock waves. 


Radiative Processes Ahead of a Shock-Wave 
Front. L. M. Biberman and B. A. Veklenko. 
(Zhurnal Teoret. i Exper. Fiz., July, 1959, pp. 
164-169.) Sov. Phys. - JETP, Jan., 1960, pp. 
117-120. Translation. Study of the distribution 
of excited atoms or molecules ahead of a shock 
wave front. The absorption of radiation from 
the shock front and the subsequent nonstationary 
diffusion of the radiation are treated. 


The Possibility of Normal Shock Waves on a 
Body with Convex Surfaces in Inviscid Tran- 
sonic Flow. G. E. Gadd. ZAMP, Jan. 25, 
1960, pp. 51-58. Analysis considering the work 
of both Emmons and Koppenfels, which implied 
that the flow at the surface immediately down- 
stream of the shock must have a singularity of the 
same kind as occurs for low-speed flow over a sur- 
face with a discontinuity in curvature. It is 
shown that a simple modification of Koppenfels 
solution appears to be applicable immediately 
downstream of a normal shock on a convex sur- 
ae. making the occurrence of such shocks pos- 
sible 


Corrections for Mean-Velocity and Turbulence 
Measurements for High Turbulence Levels. 
Siao Tien-To. Scientia Sinica, Dec., 1959, pp. 
1558-1569. Study of the influence of the 
different functional forms of the probability 
density of the velocity variation. Four proba- 
bility-density functions are chosen: a normal, a 
triangular, a rectangular, and a sinusoidal func- 
tion. The fluctuation of velocity only in the 
direction of the resultant mean velocity is con- 
sidered. 


The Sound Generated by Interaction of a 
Single Vortex with a Shock Wave. H.S. Ribner. 
UTIA Rep. 61, June, 1959. 20 pp. USAF- 
supported quantitative investigation of the 
passage of a columnar vortex ‘broadside’ 
through a shock. The Fourier integral is ex- 
plicitly formulated and the derivation of the sound 
pressure level is carried through analytically. 
Comparison is made with the work of Hollings- 

worth and Richards 


Diffraktsiia Voln v Koshi-Puassona- 
N. Sretenskii. AN SSSR Dokl., Nov. 1, 
1959, pp. 59, 60. In Russian. Derivation of 
formulas for determining the state of the liquid 
surface at any moment of time, as well as the 
diffraction of waves by a half-space vertically im- 
mersed in a heavy liquid of infinite depth. 


Internal Flow 


Krytyczne Warunki Rozprezania Gazu i Pary 
Przez Grupe Otworéw Wyplywowych Potaczonych 
w Szereg i Ich Wplyw na Przelotnos¢ Ukiadu. 
Robert Szewalski. Arch. Budowy Maszyn, No. 3, 
1959, pp. 349-361. In Polish, with summaries in 
English and Russian. Analysis to determine the 
critical pressure ratio for a series of orifices dis- 
charging a compressible fluid and its influence on 
the flow rate of the system. 


A Theory of the Direct and Inverse Problems of 
Compressible Flow Past Cascade of Arbitrary 
Blade Sections Lying in Arbitrary Stream Fila- 
ment of Revolution in Turbomachine. Wu 
Chung-Hua. Scientia Sinica, Dec., 1959, pp. 
1529-1557. Development of the basic aerother- 
modynamic relationships which govern the steady 
adiabatic flow of a nonviscous,fluid along a stream 
filament of revolution. In the case of subsonic 
flow, the solutions of both direct and inverse 
problems are obtained by solving the flow along 
the mean streamline and extending the result in 
the circumferential direction. In the case of 
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supersonic flow, the solution is obtained by the 
use of the method of characteristics. 


Application of Boundary Theory in Turbo. 
machinery. H. H. Schlichting. (Rhode-Sainj. 
Genése, Belgium, Lecture, Mar. 6, 1959.) TCEA 
TM 5, 1959. 42 pp. 26 refs. Survey of 
methods for calculating the flow of a viscous fluid 
through two-dimensional cascades. All aero. 
dynamic coefficients for two-dimensional cascades 
can be calculated. Special attention is given to an 
optimum cascade, and the influence of Reynolds 
number on the loss coefficients of cascades js 
studied. The use of the results in the theory of 
turbomachines is outlined. 


Zur Berechnung der reibungslosen inkom- 
pressiblen Strémung fiir ebene Schaufelgitter, 
ZAMM, Dec., 1959, pp. 495-501. In German, 
Derivation of a method for calculating the inviscid 
incompressible flow for plane cascades. 


Stall Cell Peenegetion in Two Mismatched 
Compressor Stages. C. Turner, T. J. Har 
gest, and R. A. val Gt. Brit., ‘RC CP 449 
(Jan., 1958) 1959. 38 pp. BIS, New York, 
$0.99. Study of surging and unsteady flow 
phenomena in full-scale compressors when operat- 
ing in a mismatched condition. Hot wire ane. 
mometers were used to examine the fluctuations, 
measurements being made before and after each 
blade row at seven flow coefficients. 


Unterschallstrémung in Kegeldiffusoren. Vla- 
dimir Kmoniéek. Acta Technica, No. 5, 1959, 
pp. 404-458. 52 refs. In German. Presenta- 
tion of test results on the distribution of the static 
pressure, the shape of the velocity profile, the 
energy losses, and the intensity of the turbulent 
flow in conical diffusers. A theoretical analysis of 
the examined phenomena is included. 


Unsteady Motion of a Viscous Liquid Contained 
Between Two Infinite Coaxial Cylinders r = g 
and r = b. C. D. Ghildyal. ZAMM, Dec, 
1959, pp. 473-476. 


On the J of Gaseous Jets. L. N. Sreten- 
skii. (Prikl. Mat. i Mekh., Mar.-Apr., 1959, Pps 
305-322.) PMM—Appl. Math. & Mech., No. 2, 
1959, pp. 436-472. Translation. Analysis of 
the theory on a converging gaseous jet and the 
flow past a plate, under the assumption that in 
front of the plate there is a region of gas at zero 
velocity. Solutions are presented for problems on 
the jet flow of a gas studied by Joukowski for the 
case of an incompressible fluid. 


Mixture Ratio Distribution in the Drops of 
Spray Produced by Impinging Liquid Streams. 
Dezso Somogyi and Ch. E. Feiler. ARS J., Feb., 
1960, pp. 185-187. Application of a colorimetric 
method to determine the mixture ratio of the in- 
dividual drops in the spray of three types of in- 
jector. The three injectors, in order of decreasing 
mixing efficiency, were the triplet, the impinging 
jet, and the swirl cup. 


Stability & Control 


Low-Speed Investigation of Static Longitudinal 
and Lateral Stability Characteristics of an Air- 
plane Configuration with a Highly Tapered Wing 
and with Several Body and re Arrangements. 
P. G. Fournier. U.S., NASA TN D-217, Jan., 
1960. 46 pp. Discussion of the adv antages of 
an aircraft with a three-body arrangement. The 
data show that all such tail-on configurations 
are directionally stable throughout the angle-of- 
attack range and are greatly improved over the 
conventional model configuration which was 
oer unstable above an angle of attack of 


O_ Primenenii Metoda ‘‘Zamorozhennykh 
Koeffitsientov’ dlia Issledovaniia Ustoichivosti 
Neustanovivshegosia Dvizheniia. A.A. Lebedev. 
MVO SSSR VUZ Izv. Av. Tekh., No. 1, 
1958, pp. 11-18. In Russian. Application of 
the method of “frozen coefficients’’ to study the 
stability of unsteady motion. Several illustrative 
examples are presented. 


Wings & Airfoils 


Motion of a Wing of Finite Span with Super- 
sonic Speeds. S. Kadyrov. (AN SSSR _ 
Tekh. Nauk Izv., Aug., 1957, pp. 35-40.) Grum- 
man Aircraft Eng. Corp. Res. Dept. Rep. TR-14, 
Dec., 1959. 13 pp. Translation. Analysis of 
the flow of gas in a volume restricted by (a) the 
surface of the wing and a shock wave, (b) the sur- 
face of the wing and a characteristic surface, and 
(c) a characteristic surface and the shock wave. 

Calcul de Coefficients Aérodynamiques Insta- 
tionnaires pour M = 0,8 sur des Ailes de Faible 
Allongement. S. Chopin and P. Salaiin. La 
Recherche Aéronautique, Nov.-Dec., 1959, P.- 
53. In French. Calculation of aerodynamic 
coefficients at a Mach number of 0.8 for low 
aspect ratio wings. 

K Raschetu Tsirkuliatsii Skol’ziashchego 
Kryla Bol’shogo Udlineniia. N. M. Monakhov. 
MVOSSSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
19-26. In Russian. Development of a method 
for calculating the flow around high aspect ratio 
wings for the case of sideslip, based on the lifting 
surface theory. 

Some Integrated Properties of Pressure Fields 
About Supersonic Wings. Z.O. Bleviss. Doug- 
las Rep. SM-14892, Aug., 1953. 7pp._ Presenta- 
tion of proof for theorems, based on the work of 
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Lagerstrom and Van Dyke, concerning the inte- 
grated properties of pressure fields about super- 
sonic wings. One application of these theorems 
js shown to be the calculation of interference be- 
tween fins of cruciform wings. 


Experimental Study of Surface Flow and Part- 
Ss Vortex Layers on a Cropped Arrowhead 

ing. H. C. Garner and D. W. Bryer. Gt. 
Brit. ARC R&M 3107 (Apr., 1957) 1959. 48 
pp. 22 refs. BIS, New York, $3.15. Investiga- 
tion of leading-edge separation in flow past 
swept wings at high incidence from which streams 
a strong spiral flow within a thick “part-span 
vortex layer” above the outer part of the wing. 
The flow visualization and pressure measurement 
techniques are described, and the resulting data 
are analyzed extensively. 

O Sviazi Mezhdu Vozniknoveniem Pod’emnoi 
Sily Kryla i Kharakterom Techeniia v Pogranich- 
nom Sloe. I. V. Ostoslavskii and T. A. Gru- 
mondz. MVO SSSR VUZ Izv. Av. Tekh., No. 1, 
1958, pp. 27-36. In Russian. Determination of 
the relationship between the generation of lifting 
forces of the wing and the character of the bound- 
ary-layer flow. Some experimental results are 
presented. 

Reduction of Drag Due to Lift at Supersonic 
Speeds. E. W. Graham, P. A. Lagerstrom, B. J. 
Beane, R. M. Licher, and A. M. Rodriguez. 
Douglas Rep. SM-18319, Apr., 1954. 110 pp. 
93 refs. Determination of the distribution of 
camber for optimal loading of diamond plan-form 
wings. The distribution of lift throughout vol- 
umes of prescribed shape and the possibility of 
using biplanes are considered. 


Aerodynamische Eigenschaften von Pfeil- und 
Deltafliigeen in Bodennihe. Fred Thomas. 
(WGL Jahrestagung, Stuttgart, Oct. 8-11, 1958.) 
DFL Inst. Aero. Bericht No. 116, 1958. 9 pp. 
10 refs. Reprint. In German. Calculation of 
the aerodynamic characteristics of swept and 
delta wings in the vicinity of the ground. The 
method developed on the basis of the lifting line 
theory for calculating the lift distribution is de- 
scribed, and experimental results are presented. 


Aeroelasticity 


Effect of the Proximity of the Wing First-Bend- 
ing Frequency and the Short-Period Frequency on 
the Airplane Dynamic-Response Factor. Appen- 
dix A—Equations of Motion. Appendix B—Defi- 
nition of Transfer-Function Coefficients. Ap- 

ndix C—Conversion Factors for Dimensionaliz- 
ing the Nondimensional Transfer-Function Coeffi- 
cients. C. R. Huss and J. J. Donegan. U.S., 
NASA TR R-12, 1959. 20 pp. Supt. of Doc., 
Wash., $0.35. Presentation of the results of a 
study indicating that the simplified transfer 
function adequately predicts the maximum value 
of the incremental normal-load-factor response at 
the airplane center of gravity to isosceles triangle 
pulse elevator inputs. 


A Note on Panel Flutter as a Problem in Hydro- 
elasticity. H.N. Abramson and Wen-Hwa Chu. 
Southwest Res. Inst. Dept. Appl. Mech. TR 4, 
Oct. 5, 1959. 9 pp. Navy-supported survey of 
the present state of knowledge concerning the 
aeronautical problem of subsonic panel flutter. 
The possible application and importance of this 
knowledge in hydroelastic problems are studied. 


K Kolebaniiam Kryla Bol’shogo Udlineniia v 
Dozvukovom Potoke. T. K.  Sirazetdinov. 
MVO SSSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
43-52. In Russian. Derivation of integral 
differential equations for a wing of high aspect 
ratio oscillating in subsonic flow. The solution is 
presented for small frequencies of oscillation. 

The Free Oscillations of a Buckled Panel. J. 
W. Miles. Douglas Rep. SM-18439, June, 1954. 
19 pp. Formulation, in dimensionless form, of the 
nonlinear equations of motion of a buckled, two- 
dimensional panel. A Fourier expansion in the 
space variable is introduced, and an approximate 
o_o is obtained for the period of free oscilla- 
ion. 

Flutter Testing the 880 in a Transonic Wind 
Tunnel, Andrew Lellan. Aero/Space 
Engrg., Apr., 1960, pp. 37-43. Presentation of 
the problems connected with the use of a wind- 
tunnel model in flutter testing. A successful test 
of a complete aircraft model at transonic speeds is 
discussed, including the selection of the model and 
the instrumentation. 

Vibration Spectrum Analysis. E. F. Feldman. 
Instruments & Control Systems, Feb., 1960, pp. 
232-234. Discussion of an automatically scan- 
ning audio-frequency spectrum analyzer, including 
techniques involved in its use. 

Wind Excited Rigid-Body Vibrations of the 
Heliostat Mirror for the Proposed Department of 
Defense Solar Furnace. Sigurd Hoyer. USAF 
MDC TN 60-1, Jan., 1960. 53 pp. 

Soviet Papers on the Study of Vibration. Yu. 
I. Iorish. Sov. Phys. - Acous., Feb., 1960, pp. 
269-281. 146 refs. Translation. Survey of 
Soviet literature on the problems of harmful vi- 
bration. The problems included are vibration 
measurement, creation of simulated vibration, 
vibration isolation, and effect of vibration on 
equipment, 

Extrem4lni Princip pro Prvni Viastni Frekvenci 

énich Kmith Pruzného Kontinua. Ludvik 
Jano’. Aplikace Matematiky, No. 6, 1959, pp. 
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High accuracy, and easiest needle 
pointer plus digital in-line counter 
readout, are the principal service fea- 
tures of the BH183 AUTOTEMP® jet 
engine temperature indicator. 

AUTOTEMP is designed and pro- 
duced by the makers of the JETCAL 
Analyzer®, the only jet engine tester 
used throughout the world. 


The AUTOTEMP is acompletely new 
instrument...a continuous null bal- 
ance 144-inch slidewire potentiometer 
combined with a linearizing analog- 
to-digital converter. Its accuracy is 
the simple attribute or phenomenon 
of its novel and basic slidewire 
potentiometer! 

Completely self-contained... tran- 
sistorized, miniaturized, hermetically 
sealed, servo-driven...the AUTO- 
Temp’s 3”-diameter case includes a 
Zener reference, power supply, ampli- 
fier, servo motor, cold junction com- 
pensation and the 144-inch slidewire 
and punched tape to linearize thermo- 
couple e.m.f. for exact, counter-type 
digital readout. The needle pointer 
indicates in 50°C increments over the 
0 to 1200°C full range of the unit. 


Full information is contained in our Bulletin BH183 
available for the asking! 


Co., INC. 


_3479 Wast Vickery Blvd. Fort Werth 7, Texas 


ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO.,, VALLEY STREAM, L.1.,N.¥., WICHITA, KAN., 
TORONTO, ONT. (George Kelk Ltd.) MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
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456-462. In Czechoslovak, with summaries in 
English and Russian. Presentation of an extre- 
mum principle for the first proper frequency of 
transverse vibrations in elastic continua. The 
extremum principle for the first eigenvalue of a 
certain system of two integral equations is derived. 
It is shown that the system describes the trans- 
verse vibrations of an elastic continuum with an 
arbitrary mass-density and an arbitrarily change- 
able moment of inertia. 


Natural Frequency of eooee with Variable 
Moments of Inertia. M. Pei. J. Aero/Space 
Sci., Apr., 1960, pp. 304, 303. 


Aeronautics, General 


Special Issue: Twenty-Seventh Inven- 
tory of Aerospace Power. Av. k & Space 
Tech., Mar. 7, 1960, pp. 68-325. saoeedl of world 
development ‘during the past year in the field of 
space technology, missiles, military aircraft, air 
transportation, avionics, helicopters, and business 
flying. 


Airplanes 


Control Systems, Automatic Pilots 


Minimum Manual ‘er Stepping Stone to 
the “Electric Stick.” . Andreasson. 
Space/ Aeronautics, Mar., 1980, pp. 87, 88, 92, 
94-96. Presentation of design details of a new, 
light, simple manual flight control system, de- 
veloped as the first step in transition to automatic 
“electric stick’’ controls for supersonic military 
aircraft. 


The Transfer Function of a Spring-Tab Con- 
trol. M. J. Abzug. J. Aero/Space Sci., Apr., 
1960, pp. 307, 308. Analysis concluding that the 
natural frequency of spring-tab controls will 
usually be sufficiently above that of the airplane’s 
short-period modes to preclude closed-loop sta- 
bility difficulties from this source. 


Description 

Sea Vixen—The Royal Navy’s Strike Fighter. 
Molly Neal. Flight, Feb. 5, 1960, pp. 179-186, 
cutaway drawing. Discussion of the design, 
structural, performance, and system characteris- 


tics cf the Sea Vixen FAW.1. The differences be- 
tween this aircraft and its prototypes are studied. 


The Breguet Integral STOL Aircraft. Interavia, 
Feb., 1960, pp. 221, 222. Discussion of the per- 
formance and design characteristics of an STOL 
model which facilitates all-weather flying. 


Structural Features of the Avro 748. The 
Aeroplane & Astronautics, Feb. 12, 1960, pp. 
185-189, cutaway drawings. 


Supersonic Design Aspects. 
i. dmanson. Can. Aero. J., Feb., 1960, 
pp. 46-53. Presentation of the likely characteris- 
tics of the first supersonic transports. Some of 
the factors influencing the choice of cruise speed, 
design range, and airplane size, as well as a number 
of problems associated with design and operation 
of supersonic transports, are discussed. 


All-Wing Pressure Cabin—A Constructional 
Outline. D. Williams. Gt. Brit., RAE T 
Struc. 273, Oct., 1959. 7 pp. Discussion of 
structural problems connected with the passenger- 
carrying pressurized wing. A feasible method of 
construction is presented. 

CL-41: Canadair’s Original-Design All- 
Through Jet Trainer. Aircraft (Canada), Dec., 
1959, pp. 48-50, cutaway drawing. Presentation 
of the design and performance characteristics of a 
jet trainer. 


Simpler Wing Location for a Specified Longi- 
tudinal Stability. K. L. Po. Space/ Aero- 
nautics, Mar., 1960, pp. 67, 68, Deriva- 
tion of an analytical expression i'a4 locating the 
longitudinal position of a wing for a desired degree 
of longitudinal stability without the usual itera- 
tive procedure. 

Some Thoughts on the Next Fifty Years of 
Flight. P. A. Harman. (CAI Annual Gen. 
Meeting, Ingonish, N.S., June 17, 1959.) Can. 
Aero. J., Feb., 1960, pp. 54-58. Discussion of 
the development of large civil transport aircraft 
having a vertical take-off and landing capability. 


Landing, Landing Loads 


Measurements and Power Spectra of Runway 
—— of an Airport (Airport 11). NATO 
GARD Res. Memo. 11, Nov., 1959. 32 pp. 

Measurements and Power Spectra of Runway 
Roughness of an Airport (Airport 12). NATO 
AGARD Res. Memo. 12, Nov., 1959. 35 pp. 

Emergency Landings on Foamed Runways. 
Approach, Feb., 1960, pp. 2-20. Discussion con- 
sidering the decision to use foam, the foam pat- 
tern, run-out distances for various aircraft, and 
landings with configurations other than landing 
gear fully retracted. 

Slip Coefficient for a Tire. J. E. Stevens. J. 
Aero/Space Sci., Apr., 1960, pp. 305, 306. 

Installation vane on the Precision Visual 
Glidepath (P.V a . Cumming, J. 
Lane, and R. alles Australia, ARL Note 
a.&. 3, Juiy, 1959. 17 pp. Discussion of the 
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use of the Precision Visual Glidepath approach. 
The design features of the aid and its installation, 
particularly in ‘‘difficult’’ locations, are studied. 


Landing Gear 


Full Scale Wind Tunnel Tests of Three Landing 
Gear Configurations. W.L. Yarnell. U. Wich- 
ita Dept. Eng. Res. Rep. 326, Dec., 1958. 10 pp. 
Presentation of drag studies on an unfaired 
wheel, a wheel covered by an ‘‘optimum”’ fairing, 
and a wheel with a “‘production’”’ fairing. 


Anti-Skid Braking of Russia’s Tu-104 Jetliner. 
T. M. Bashta. (Grazhdanskaia Aviatsiia, Nov., 
1956.) Space/Aeronautics, Mar., 1960, pp. 
107-110. Translation. Abridged. Description 
of the automatic braking system of the Tu-104 jet 
transport used as a medium range airliner. Con- 
figuration and operation are discussed and shown 
schematically. 


Operating Characteristics, Economics 


The Development of Civil Performance Stand- 
ards. P. S. Langford. Aircraft (Australia), 
Nov., 1959, pp. 20-25. Study of the development 
of performance standards for turbine aircraft in 
Australia. The effects of proposals on aircraft 
design, as well as the effects of the aircraft design 
on the proposals, are discussed. 

Seeking Economy in Efficiency. D. M. De- 
soutter. Aeronautics, Feb., 1960, pp. 24-27. 
Design analysis of the DH- 121 airliner. The 
reasons for the choice of three engines and the 
structural consequences of this choice are studied. 
Other features, such as the large area double- 
slotted flaps, the leading-edge flaps, and the air- 
brakes, are examined. 

C-133A Category II Performance with T34- 
P-7WA Engines. K. D. Burke and T. D. Bene- 
field. USAF FTC TR 59-16, Add. 1, Dec., 1959. 
43 pp. Performance ev aluation for power ‘plants 
utilizing water-alcohol injection. Performance 
charts are presented for take-off, climb, level- 
flight, emergency descent, and landing. 

B-52B Category II Performance, Stability and 
Control Tests. P. J. Conley, Jr., and J. M. 
Carlson. USAF FTC TR 59-34, Dec., 1959. 
226 pp. Evaluation of the crew compartment 
arrangement, and presentation of flight-test re- 
sults for take-off, climb, maximum speed, descent, 
and landing performance. Also included are re- 
sults of stability and control tests an the determi- 
nation of maximum range. 


Minimum Time-to-Climb of an Airplane. 
John Carstoiu. J. Aero/Space Sci., Apr., 1960, 

311. Analysis considering the problem of 
finding the path of an aircraft of given charac- 
teristics which corresponds to the shortest time 
between two prescribed points such that the 
velocity and positive inclination of the path with 
the horizon at these points have given values. 


K Voprosu o Maksimal’noi Dal’nosti Poleta 
sSPVRD. E. V. Tarasov. 
SSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
5560. In Russian. Presentation of a method 
for calculating the trajectory, thrust variation, 
and fuel consumption of a ram-jet aircraft flying 
in the vertical plane in order to determine its opti- 
mum cruising range. 

New Advanced Trainer for the RAF. Bristol 
Siddeley J., Winter, 1959-1960, pp. 30-32, cut- 
away drawing. Discussion of some factors in 
pilot training, and comparison of the USAF train- 
ing sequence with the RAF sequence. The charac- 
teristics required in a basic trainer and in an ad- 
vanced trainer are discussed. 


Seating 


Aircraft Seating. I. I. Pinkel. (ASME Av. 
Conf., Los Angeles, Mar. 9-12, 1959, Paper 
59-Av-28.) Mech. Eng., Feb., 1960, pp. 60-63. 
Comparative study of forward and rearward 
seating arrangements in terms of their relative 
safety in a crash situation. 


Aviation & Space Medicine 


Manned as Cabin Systems. E. B. Konecci. 
Douglas MSSE Eng. Paper 673, June 1, 1959. 
132 pp. 138 refs. Review of human psycholog- 
ical and environmental needs and of human 
abilities as related to the space cabin system. 
Physiological problem areas in space flight are 
studied. 


Toxicological Aspects of the Sealed Cabin 
Atmosphere of Space Vehicles. Carl-Johan 
Clemedson. Astronautik, No. 4, 1959, pp. 
133-158. 6lrefs. Review of the main sources of 
irritating and toxic substances in a space cabin, 
discussion of possible fire hazards, and presenta- 
tion of various methods for removing such sub- 
stances. 


In Case of Need—-Safety and Survival Equip- 
ment Today. IJnieravia, Feb., 1960, pp. 185-188. 
Discussion of the possible emergencies that may 
arise in civilian passenger transport and in military 
aircraft. Equipment meeting the _ different 
emergency situations is studied, and the factors 
in the equipment efficiency are pointed out. 

Prolonged Exposure in the Navy Full Pressure 
Suit at ‘Space Equivalent’ Altitudes. A. 
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Hall and R. J. Martin. 


(Aero Med. Assoc. 30th 
Annual Meeting, Los Angeles, Apr. 27, 1959) 


Aerospace Med., Feb., 1960, pp. 116-122. 13 
refs. Discussion of the methods, procedures, ob. 
servations, and results of a 72 hour test at simy- 
lated altitudes of up to 170,000 ft. The test 
shows that the full pressure suit is tolerable at ex. 
tremely high altitudes for extended time inter. 
vals, that man can tolerate 100 per cent oxygen at 
35,000 ft. for 72 hours, and that man can function 
adequately with negligible physiologic or psycho. 
logic deterioration under the described conditions. 


Maximum-Effort - Minimum-Support Simy- 
lated Space Flights. G.T. Hauty. Acro/Space 
Engrg., Apr., 1960, pp. 44-47. Study of human 
performance during a maximum effort simulated 
space flight. The cabin characteristics, the 
conditions of flight, and the performance of jet 
pilot and nonpilot subjects are discussed. It js 
found that human reliability cannot be extended 
much beyond 20 consecutive hours. 


Physiologic Response to Weightlessness; 
Initiation of Micturition. J. E. Ward, W. R’ 
Hawkins, and H. D. Stallings. USAF SAM 
Rep. 59-35, Aug., 1959. 5 pp. Investigation 
concerning the elimination of body-wastes in the 
null-gravity state. 


Serial Audiograms Measured by Bekesy-Type 
Audiometry. M. H. O’Connell and Hugh 
Hamlyn. USAF SAM Rep. 59-97, Sept., 1959. 
7 pp. 15 refs. 


Variation in Ear Protector Attenuation as Meas- 
ured by Different Methods. L. Weinreb and M. 
L. Touger. ASA J., Feb., 1960, pp. 245-249. 
USAF-supported measurement of sound attenua- 
tion of four different types of protectors differing 
in the volume under the protector and in the 
principal sound transmission path of low fre- 
quencies. The results indicate that threshold 
shift measurements yield higher values of attenua- 
tion then either loudness balance or the micro- 
phone method. However, the results vary widely 
for different types of protectors as a function of 
frequency. 


The Alternate and Simultaneous Binaural 
Balancing of Pure Tones. J. F. Berger and E.R. 
Harford. SAF SAM Rep. 60-30, Jan., 1960. 
12 pp. 18refs. Study of the interaural intensity 
relations producing equal loudness when pure 
tones are presented alternately, and of the 
median-plane-localization when they are pre- 
sented simultaneously to the two ears. The test 
subjects are normals, monaurally masked nor- 
mals, and patients with unilateral sensorineural 
hearing loss, 


A Study of the Reference and 90-Day Audio- 
C= of a Group of Air Force Aircraft and Engine 

aintenance Men. D. L. Waldron. USAF 
SAM Rep. 59-96, Oct., 1959. 13 pp. 


A New Method for the Clinical Determination 
of Sensori-Neural Acuity Level. James Jerger 
and Tom Tillman. USAF SAM Rep. 60-31, 
Jan., 1960. 6pp. 18 refs. 


Synergism Between Effects of Hyperventila- 
tion, Hypoglycemia and Positive Acceleration. 
H. P. Brent, T. M. Carey, T. J. Powell, J. W. 
Scott, W. R. Taylor, and W. R. Franks. 
Aerospace Med., Feb., 1960, pp. 101-115. 18 refs. 


Studies on the Cranial ry 
ical Subjects. F. R. Steggerda. US M DC 
T R 60-2, Jan., 1960." ll pp. 10refs. 
tion of various techniques for implanting record- 
ing electrodes on the cortical projection areas for 
the vestibular system and on various branches of 
the eighth cranial nerve in cats. Preliminary 
evidence indicates that complete bi-labyrinthec- 

tomy, even more than ablation of the vestibular- 

cortical area in the cerebrum or the sectioning of 
the eighth cranial nerve, is effective in producing 
freedom from disorientation and uncoordination 
when the animals are exposed to zero or subgravity 
conditions. 


Carbon Monoxide Capacity"Measurements on 
Human and Rat Skeletal Muscle. J. P. Ellis. Jr, 
R. T. Clark, Jr., S. S. Wilks, and Dominic Cris- 
cuolo. USAF SAM Rep. 59-25, Oct , 1959. 6 
pp. 


A Simple and Rapid Polarographic Method for 
Blood Oxygen Determination. J. R. Neville. 
SAM Rep. 60-3, Sept.,1959. 10pp. 11 
refs 


Studies in Research Methodology. I—Com- 
patibility of Psychological Measurements with 
Parametric Assumptions. J. Bradley. 
USAF WADC TR P58. 574, Pt. I, Sept., 1959. 
20 pp. 

Self-Instructional Devices: 
rent Concepts. W.J. Carr. USAF WADCTR 
59-503, Aug., 1959. 23 pp. 37 refs. 

Initial Clinical Reaction to Therapeutic Whole- 
Body X-Radiation—Some Civil Defense Consid- 


A Review of Cur- 


erations. W. C. Levin, Martin Schneider, and 
H. B. Gerstner. USAF SAM Rep. 60-1, Nov., 
1959. I14refs. 


Solar Irradiance from Mercury to Pluto. 
Hubertus Strughold and O. L. Ritter. Aerospace 
Med., Feb., 1960, pp. 127-130. 12 refs. Dis- 
cussion of the problem of solar illuminance. The 
importance of the advanced knowledge of this 
factor in astronautics is pointed out, and a table of 
values is given for total solar irradiance and il- 
luminance in intervals small compared to inter- 
planetary distances for the space from within the 
orbit of Mercury to the orbit of Pluto. 
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Advanced design 


SUPPORT 
SYSTEMS 


AIR * WATER « FOOD 


FOR 


The two most comprehensive analyses of environment control 
systems for submarines and space vehicles made in the U.S. 
to date were carried out by Ionics’ Research Division and its 
staff of consultants. These integrated studies covered the full 


range of applicable problems associated with . . . 


e PSYCHOLOGY e BIOLOGY e INSTRUMENTATION 

e SOCIOLOGY e CHEMISTRY e CONTROL 

e PHYSIOLOGY e PHYSICS e EQUIPMENT DESIGN 
SUBMARINES 


A complete analysis of the requirements for environ- 
mental control in nuclear powered submarines was 
made for the U.S. Navy - determination of exact 
criteria to be used to evaluate the environmental 
control systems, followed by analysis of all possible 
systems to determine those which best approached 
the desired criteria. Included were thorough analyses 
of personnel tasks and training needs and determina- 
tion of psychological and physiological profiles of re- 
quired personnel. From these and other interrelated 
factors, specifications were made for control systems 
applied to air, water and food. 


Research Division 


IONICS INCORPORATED 


152 Sixth Street 
Cambridge 42, Massachusetts 


The above graph is representative of a method of se- 
lection of life support systems in a four man space 
vehicle and shows the gross weight penalties in pounds 
for integrated systems performing oxygen supply, car- 
bon dioxide removal, water supply and waste disposal 
as a function of mission time in days. 


SPACE VEHICLES 

A study similar in concept to that for submarines, 
taking into account the requirements peculiar to 
manned space vehicles, particularly waste disposal, 
water recovery, heat supply and rejection and aux- 
iliary power supplies. In each study particular at- 
tention was given to development of compact, light 
weight systems with minimum power demand. A 
study now in planning applicable to both submarines 
and space vehicles involves a completely new system 
for CO. removal and disposal] and O: regeneration. 


Technical personnel interested in associating with Ionics growing 
Research Division should contact Mr. Wayne A. McRae, Vice 
President, Research. In addition to life support systems, the 
organization is currently working in a broad variety of 

areas including high-pressure, high-temperature organic (600°C 
at 30,000 psi) and inorganic (1,500 to 2,500°C) chemistry; elec- 
tro-chemical processes such as fuel cells and cathodic protecti 
of hydrofoils; rare earth chemistry; radiochemistry techniques; 
and others. 
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ELECTRONICS 


STRUCTURES, MATERIALS DEVELOPMENT 


Owe 


CRYOGENICS, FUEL HANDLING 


INTEGRATED TEST AND MANUFACTURING FACILITIES 
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FOR YOUR GSE 


Hamilton Standard’s systems-engineering experience and 
technologies provide GSE resources of tremendous scope 


Today Hamilton Standard can supply the widest 
range of aircraft and missile ground support 
equipment—from tiny precision components and 
safety devices to complete architectural struc- 
tures and weapon sub-systems. This capacity 
stems from Hamilton Standard’s 40 years’ exper- 
ience in systems-engineering its own laboratories 
and broadening product line. 


IN SYSTEMS-ENGINEERING its facilities and 
products, Hamilton Standard has carried out new 
concepts in precision gaging, electrical and elec- 
tronic control, automatic interlocks, and other 
safety devices that are essential to many of to- 
day’s sophisticated GSE systems. These programs 
have also produced an unusual knowledge of 
structures, materials development, and such crit- 
ical technologies as: 


Electronics— Hamilton Standard’s experience in 
producing controls for its products and labora- 
tories is readily applicable to such GSE as check- 
out sets, simulators, computers, and electrical and 
electronic test equipment. 


Hydraulics and Pneumatics—Through the de- 
velopment of hydraulic pumps, Hydromatic 
propellers, starters, fuel controls, and aircraft 
air conditioning systems, Hamilton Standard has 
acquired comprehensive skills in hydraulics and 
pneumatics—skills that can be efficiently applied 
to many GSE products. 


Cryogenics and Fuel Handling— Hamilton 
Standard is constantly working with low-temper- 
ature gases and fuels. This experience, plus exten- 
sive work with freon air conditioning systems and 
fuel controls for liquid oxygen and liquid hydro- 
gen, is a natural foundation for solving complex 
fuel handling or storage problems. 


UNMATCHED RESEARCH AND DEVELOP- 
MENT FACILITIES. As a division of United Air- 
craft Corporation, Hamilton Standard shares in 
one of the largest privately owned research in- 
stallations in the aerospace industry. 


ONE SOURCE FOR ANY GSE. To learn how 
these facilities and services can serve you, phone 
or write Hamilton Standard, today. 


STANDARD 


DIVISION OF UNITED AIRCRAFT CORPORATION 


WINDSOR LOCKS, CONNECTICUT 


SOME OF THE 


MANY FIELDS OF GROWTH AT 


HAMILTON STANDARD 


ENGINE CONTROLS for over 20,000 aircraft 


STARTERS. Over 15,000 pneumatic and fvel-air 


for space vehicles and such advanced air- gas turbines have been produced by Hamil- starters are in service on many of the nation’s 
craft as the B-58, 880, B-70 are important ton Standard. The company’s latest control front-line aircraft. The new Hi-Lo system, 
aspects of Hamilton Standard diversification. work involves advanced rocket engines. above, permits drastic weight, cost savings. 
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An Analysis of the LDso, » as Related to Radia- 
tion Intensity. L.C. Logie, M. D. Harris, R. E. 
Tatsch, and E. N. Van Hooser. USAF SAM 
Rep. 60-10, Sept.,1959. 5pp. 18refs. 

Some Evidence Suggesting the Perception of 
Moderate-Intensity Radiation Among Albino Rats. 
L. C. Logie, W. L. Brown, J. S. Pizzuto, and J. E. 
oe USAF SAM Rep. 60-5, Sept., 1959. 

Pp. 

The Metabolism of the Radiation Protective 
Agent 2-Aminoethylisothiuronium Bromide Hy- 
drobromide in Mice and Its Alteration by Radia- 
tion. Bernard Shapiro. USAF SAM _ Rep. 
59-30, Dec., 1959. 12 pp. 


Protein Binding of AET and Its Alteration by 
Ionizing Radiation. E. A. Dickens and Bernard 
USAF SAM Rep. 60-2, Jan., 1960. 

pp 

A Miniaturized Operant Conditioning Chamber 
for Behavioral Research in the Upper Atmosphere. 

. H. Rohles, Jr., and Richard Coy. USAF 
WADC TWN 59-261, July, 1959. 7 pp. 


Recalibration Procedure for Oxygen Regulator 
Test Stand Calibrator (National 
Laboratory Calibrator). J. P. Davis. USA 
WADC TN 59-275, Aug., 1959. 12 pp. 


A System for Monitoring the ECG Under Dy- 
namic Conditions. W. J. Carbery, W. E. Tolles, 
and A. H. Freiman. (Aero Med. Assoc. 30th 
Annual Meeting, Los Angeles, Apr. 28, 1959.) 
Aerospace Med., Feb., 1960, pp. 131-137. USAF- 
supported discussion of a monitoring system 
which permits the continuous recording of an 
interpretable electrocardiogram during body 
movement and exercise. This system is suited for 
studying the heart action of subjects during air- 
craft and satellite flights. 


Effect of Continuous Human Exposure to 
Oxygen Tension of 418 MM Hg for 168 Hours. 
E. L. Michel, R. W. Langevin, and Ch. F. Gell. 
(Aero Med. Assoc. 30th Annual Meeting, Los 
Angeles, Apr. 24, 1959.) Aerospace Med., Feb., 
1960, pp. 138-144. 17 refs. Investigation indi- 
cating that the inhalation of oxygen at a partial 
pressure of 418 mm. Hg for a period of seven 
days was without marked effect on the general 
appearance, activity, and physical well-being of 
six healthy men. Signs of pulmonary irritation 
occurring during this test, and indicating that the 
tolerable human limitations may have been ap- 
proached, are discussed. 


Sealed Cabin Atmosphere Problems. E. R. 
Archibald and D. G. Simons. USAF MDC TR 
59-42, Dec., 1959. 15 pp. Discussion of the 
design and operation problems connected with in- 
spired. carbon dioxide partial pressure, alveolar 
oxygen-partial pressure, and total cabin pressure. 
Known parameters which limit human perform- 
ance are presented,.along with a discussion of 
atmospheric environmental factors as to upper 
and lower limits for a flight of 24-hour duration, 
where conditions of ‘“‘no performance decrement” 
are desired. 


Human Cardioaccelerative Responses to Hy- 
poxia in Combination with Heat. B. Hale. 
USAF SAM Rep. 60-14, Sept., 1959. 13 pp. 
Investigation of the effects of high ambient tem- 
perature on heart rate responses to moderate re- 
ductions in oxygen pressure for healthy human 
males. Results indicate that special precautions 
should be taken in flying operations to avoid 
the occurrence of even mild degrees of hypoxia 
when ambient temperature is relatively high. 


Correlation Between Altitude and Conscious- 
ness Time in High-Altitude Natives. Tulio 
Velasquez. USAF SAM Rep. 60-8, Dec., 1959. 

0 pp. Investigation of the duration of con- 
sciousness in high- altitude natives Soot air at 
altitudes ranging from 32,000 to 4 ft. 


Some Relationships of Glare brs Target Per- 
ception. Ernst Wolf and M. J. Zigler. USAF 
WADC TR 59-394, Sept.,1959. 29pp. 18 refs. 


Some Factors Determining the Maximum 
Angular Velocity of Pursuit Ocular Movements. 
Balraj Bhatia. OSA J., Feb., 1960, pp. 149, 150. 


Neutral Formulation of the Effects of Target 
Size and Shape Upon Visual Detection. W. M. 
Kincaid, H. R. Blackwell, and A. B. Kristofferson. 
OSA J., Feb., 1960, pp. 143-148. Army-sup- 
ported presentation of a hypothesis, the chief 
assumptions of which are that neural impulses 
originating in retinal receptors converge upon 
neurons in a central area, and that the excitation 
of the most excited neuron in that area determines 
the response. 


Human Engineering 


“Human Factors’’—Newest Engineering Dis- 
cipline. Christopher Celent. Electronic Ind., 
Feb., 1960, pp. 86-100. 33 refs. General survey 
of the human engineering concept, its prospects, 
and development. 


A Servomechanisms to Develop- 
ment. E. . Krendel and T. McRuer. 
Franklin Inst. J., Jan., 1960, pp. ga 42. 13 refs. 
USAF-supported. study of motor skills develop- 
ment in terms of perceptual organizations. As 
skills develop, successive organizations of percep- 
tion enable the operator to take increasing advan- 
tage of the redundancy or predictability of his in- 
put signals. A servomechanism model is pre- 
sented to describe how the predictability of input 
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signals could be made more apparent to the human 
operator by the use of appropriate displays. 

Psycho-Social Problems of Manned Space- 
flight. G. A. Peters Astronautics, Mar., 
1960, pp. 30, 31, 89-92. Analysis of human reac- 
tions observed under conditions approaching those 
of spaceflight. Factors contributing to the un- 
derestimation of the stress situation, questions 
pertaining to the astronauts’ training, and pro- 
posals for dealing with the expected stress situa- 
tions are discussed. 


Chemistry 


Actinometric Determination of the Dissociation 
of Carbon Dioxide by a Single Flash. H. 
Bortner, V. D. Povard, and A. L. Myerson. 
OSA 7, Feb., 1960, pp. 172, 173. 10 refs. 
USAF-supported research. 

RovnovéZne Koncentracie pri Viacnésobnej 
Termickej Ionizacii Plynu. Stefan Veis. Mate- 
maticko-Fyzikdlny Casopis, No. 1, 1958, pp. 
40-51. In Czechoslovak, with summaries in 
English and Russian. Presentation of the exact 
Saha equation for the equilibrium concentrations 
of ions in the case of multiple thermal ionization 
of gas. 


An Experimental Determination of the Densi- 


ties of Molten Metal Fluorides in the Range of 
1600° to 2500° K. A. D. Kirshenbaum and 
J. A. Cahill. Temple U. Res. Inst. TN 9 (AF- 


OSRTWN 59-844), Apr. 30,1959. 45 pp. 


The Determination of Near Infrared Spectra. 
Scott Anderson, Raymond Isaac, and Myra 
Blankenship. USAF WADC TR 59-344, Sept., 
1959. 26pp. 22refs. 


Computers 


Avtomaticheskii Optimizator 
dlia Resheniia Variatsionnykh Zadach. R. 
Stakhovskii. Aviom. i Telemekh., Nov., 19: 59, 
pp. 1472-1482. In Russian. Description of 
block-diagrams and some circuits of multi- 
channel automatic optimizers used for the 
solution of variational problems. 

Ein allgemeines Maximalisierungverfahren. 
P. S. Pitter ZAMM, Dec., 1959, pp. 466- 
472. In German. Description of a numerical 
method for determining the maximum of a given 
function under a set of secondary conditions 
containing both equations and inequalities. 


none e Computer Techniques. I—The So- 
lution Simultaneous Equations, Eigenvalue 
Problems and Polynomial Equations. F. 
_— Electronic Eng., Feb., 1960, pp. 74- 


Direct Measurement of Power Spectra by an 
Analog Computer. Appendix A—Transform 
Conventions. Appendix B—Width of Power 
Transfer Function. Appendix C—Distribution 
of Estimator. Aopen D—Resolution and 
Bias. Appendix —Short Record Length. 
Appendix F— Modulation. Appendix G—Vari- 
ance Statistic. Appendix H—Stationariness. 
ores I—Co-Variability of Methods A and B. 

. Wonnacott. Canada, NRC Div. Mech. 
Rep. MK-5, Sept., 1959. 39 pp. 


Changing from Analog to Digital Programming 
by Digital Techniques. M. L. Stein and Jack 
Rose. Assoc. Comp. Mach. J., Jan., 1960, 
pp. 10-23. Development of techniques for the 
deduction by a digital computer of the differential 
equations which an analog computer will solve 
directly from a description of its setup diagram. 
Special illustrative examples are also included. 


Recommendations for Improvements in Trials 
Data Processing. W. C. J. White. Australia, 
WRE TM TRD 36, May, 1959. 5pp. 


Computer Solution Techniques for Two- 
Dimensional Supersonic-Flow Problems. W. 
P. Harrison, Jr. J. Aero/Space Sci., Apr., 1960, 
pp. 315, 316. Navy-supported presentation of 
computational methods for solving problems of 
supersonic flow over convex surfaces. 


Floating Arithmetic Calculations on _ the 
Weapons Research Establishment Digital Auto- 
matic Computer. Appendix I—The WREDAC 
Order Code for Arithmetic and Logical Orders. 
Appendix II—Catalogue of Current WREDAC 
Sub-Routines for Floating Arithmetic. Ap- 

endix III—WREDAC Library Specification 

heet. J. P. Penny, D. Fenna, and J. N. Weadon. 
Australia, WRE TN TRD 3, May,1959. 30 pp. 


Combined Sop Simulation of Engi- 
neering Problems. W. Pruden. Canada, 
NRC Div. Mech. hy ‘Rep. MK-6, Oct., 1959. 
15 pp. 


Sdvigaiushchie Rogen, s Logicheskoi Obrat- 
noi Sviaz’iu i ikh Ispol’zovanie v Kachestve 
Schetnykh i Kodiruiushchikh Ustroistv. A. N. 
Radchenko and V. I. Filippov. Avtom. i Tele- 
mekh., Nov., 1959, pp. 1507-1514. In Russian. 
Study covering shift registers with logic feed- 
back and their application as computing and 
coding devices. 


Control Theory 
A Routine Computing Method for Approxi- 


mating to the Frequency Response from the 
Transient Response. Appendix I—Representa- 
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tion of a Square Wave by a Fourier Series, 
Appendix II—Derivation of the Relation Between 


the Fr y R and the Transient 
Response for a Step Function Input. E Rushton 
and M. Medhurst. Gt. Brit., RAE TN 


t.a.%. 1083, July, 1959. 49 pp. 


Neue Methode der Naherung der Differen. 
tialgleichungen von Regelstrecken bei allge- 
meinem Eingangssignal. Valdimir Strejce. Actg 
Technica, No. 4, 1958, pp. 241-261. In German. 
Presentation of a method to calculate the oo. 
efficients of linear differential equations for 
automatic control systems. 


Synthesis of a Class of Optimum Contro| 
Systems. R. Kulikowski. Acad. Pol. Sci. Bul,, 
Tech. Sci. Ser., No. 11, 1959, pp. 663-671. 


Metod Sinteza Lineinykh Impul’snykh Sistem 
Avtomaticheskogo Regulirovaniia po Dinami- 
cheskim Kriteriiam. L. N. Volgin. Avtom. ; 
Telemekh., Oct., 1959, pp. 1350-1356. In 
Russian. Presentation of a method of sy nt hesis 
for linear pulse automatic control systems, using 
dynamic criteria. 


Printsip Maksimuma L. S. Pontriagina y 
Teorii Optimal’nykh Sistem. I, II. WL. I. Rozo- 
noer. Avtom. i Telemekh., Oct.; Nov., 1959, pp 
1320-1334; 1441-1458. 22 refs. In Russian 
Discussion of problems of automatic control 
connected with the proof and use of Pontrjagin’s 
maximum principle in the theory of optimum 
systems. 

Ob Otsenke Kachestva Nelineinykh Avtoma- 
— Sistem pri Sluchainykh Pomekhakh. 

P. Popov. Avtom. i Telemekh., Oct., 1959, 
<a 1313-1319. 13 refs. In Russian. Applica. 
tion of combined statistical and harmonic linear- 
ization methods to study the effect of random 
disturbances on the stability and dynamic 
properties of nonlinear automatic control systems. 

A Transistor-Thermistor Feedback Quad- 
rature Suppressor. I. C. Hutcheon and D. N 
Harrison. Electronic Eng., Feb., 1960, pp 
87-91. Discussion of a suppressor which uses 
transistor preamplification and two indirectly. 
heated thermistors to control the feedback. 
The suppressor works on the principle that 
quadrature effects in a.c. servosystems are 
eliminated if the amplified residual signal is 
demodulated and used to control a negative feed- 
back signal precisely in quadrature phase with the 
a.c. reference. 

Priblizhennoe Opredelenie Parametrov Avto- 
kolebanii v Releinykh Sistemakh s Zamedlennoi 


Obratnoi Sviaz’iu. N. A. Korolev. Avtom. i 
Telemekh., Nov., 1959, pp. 1467-1471. In 
Russian. Presentation of an approximate method 


for determining the parameters of natural vibra- 
tions of a class of relay systems, based on the 
modified method of harmonic balance. 


O Simmetrichnykh Periodicheskihk Dvi- 
zheniiakh Mnogokaskadnoi Releinoi Sistemy. 
Iu. I. Neimark and L. P. Shil’nikov. Avtom. i 
Telemekh., Nov., 1959, pp. 1459-1466. 18 refs. 
In Russian. Derivation of a solution for the 
problem of determining the stability of simple 
symmetrical motion of a multicascade relay 
system. 

Slediashchie Sistemy, Rabotaiushchie 1 
Peremennom Toke, v Kotorykh Signal Zavisit 
ot Oshibki i ee Proizvodnoi. N. P. Vlasov. 
Avtom. i Telemekh., Oct., 1959, pp. 1357-1365. 
In Russian. Study covering a.c. servosystems in 
which the signal depends upon the error and its 
derivative. 


A Transistor Quadrature Suppressor for a.c. 


Servo Systems. I. C. Hutcheon and D. 
Harrison. (IEE Paper 3134 M.) IEE Pro. 
Pt. B, Jan., 1960, pp. 73-82. Discussion of a 


quadrature suppressor which uses four low- 
power transistors and three indirectly heated 
thermistors. Causes of quadrature, its effects on 
the a.c. servosystem, and methods of quadrature 
suppression are studied. 


High Speed Transistorised Computing Servo. 
D. W. Allen and L. Smith. Gt. Brit., RAE TN 
G. W. 529, Sept., 1959. 24 pp. 


How to Design an Amplifier-Less Synchro 
System. Basil Jacks. ARMA _ Eng., Dec. 
1959-Jan., 1960, pp. 16-20. Presentation of a 
new technique which substitutes relay circuitry 
for certain portions of the conventional system. 
The conventional method is discussed for com- 
parison purposes. 


Education & Training 


Effects of Flight Simulator Motion on Pilots’ 
Performance of Tracking Tasks. J.G. Douvaae. 
Jr., H. L. Turner, J. D. McLean, and D. 
Heinle. U.S., NASA TN D-143, Feb., 1960. 
34 pp. Comparison of the air-to-air tracking 
performance of two pilots in flight, on a motion- 
fo flight simulator, and on a flight simulator 
free toroll and to pitch. In tracking a maneuver- 
ing target, it was found that the results from the 
moving flight simulator resembled the results 
from flight much more than did those from the 
motionless simulator. 


Electronics 


Electronics Research & Development Around 
the World. Eric Eastwood, Georges Goudet, 
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B.F.Goodrich producing high-energy solid propellants 


This static test tunnel is one of the 56 specialized facilities 
at the B. F.Goodrich solid propellant plant, Rialto, California. 
BFG-made propellants are currently being processed and 
loaded in solid fueled rocket motors of the LOKI, RTV 
and ASP types. 


B.F.Goodrich pioneered the development of the major 
polymeric binder-fuels now being used in our country’s 
most advanced missiles... Liquid synthetic rubber and 
polyurethane. BFG solid fuels are outstanding in their high 
energy performance, and have excellent castability, ideal 
physical properties at low and high temperatures, excellent 
burning characteristics and batch-to-batch uniformity. 


B.F.Goodrich is qualified and equipped to handle com- 
plete rocket motor projects...from complete design through 
testing and shipment. BFG also produces rocket motor 
cases, case and nozzle liners and other parts in conjunction 
with complete propulsion systems. Test and production 
motors containing cast and case-bonded propellant grains 
in various sizes and weighing up to 2,000 pounds have 
been successfully manufactured and fired. 


For complete information on how BFG solid propel- 
lant facilities can help you, write for a copy of the new 
booklet “B.F.Goodrich Solid Propellants for the Space 
Age”. B. F.Goodrich Aviation Products, a division of The 
B.F.Goodrich Company, Department AS-5, Akron, Ohio. 


Lowering a rack of small rocket motors into curing pit at the 
BFG Rialto plant after propellant has been poured into the cases. 
B.F.Goodrich has been engaged in composite solid propellant 
research since 1952—in motor production since 1957. 


B.EGoodrich aviation products 
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Pierre Grivet, Paolo Marsili, Giorgio Quazza, 
Bertil Agdur, Jakob Bauer, R. Gamzon, Hiroshi 
Wada, and E. G. Bowen. Electronics, Feb. 12, 
1960, pp. 75-98. Survey of the research done in 
the field of electronics by eight different nations. 


Amplifiers 

Magnetic Amplifiers for Instrumentation. I— 
How Magnetic Amplifiers Work. IIl—Types of 
M-A’s Useful in Instruments. III—Reliability 
of Magnetic Amplifiers. H. E. Darling. IV— 
Magnetic Amplifiers at Work. ISA J., Jan., 
1960, pp. 58-72. 


Specifying Dynamic Characteristics of Magnetic 


Amplifiers. H.C. Trueblood. Elec. Mfg., Mar., 
1960, pp. 132-138, 
The Amazing Maser. Harold Lyons. Vectors, 


4th Quart., 1959, pp. 14-21. Discussion of the 
use of molecular electronics in the manufacture of 
low-noise amplifiers and atomic clocks. The 
maser amplifier and the maser clock are examined. 


Operating Characteristics of a Molecular- 
Beam Maser. Venkates and M. W. P. 
Strandberg. J. Appl. Phys., Feb., 1960, pp. 
396-399. USAF-Army-Navy-supported develop- 
ment of general expressions for the emitted 
power and frequency of an ammonia maser. 
The operating characteristics of the maser are 
deduced by introducing a mean-square time of 
flight of molecules in the cavity. 


Power Amplifiers Using Electro-Optical Effects. 
G. Diemer. Electronics, Feb. 26, 1960, pp. 
71-73. 13 refs. Survey of 27 power amplifiers 
which can be designed to use various combinations 
of electric (including magnetic and either d.c 
or a.c. up to microwave frequencies), radiative 
(either quanta onwards from the infrared, or 
corpuscular), and thermal power. 


Points to Consider When Using the Tunnel 
Diode. I. Erich Gottlieb. Electronic Ind., 
Mar., 1960, pp. 110-113. Study of general 
considerations in the use of tunnel diodes as 
amplifiers. Some of the basic concepts of the 
device are reviewed, and three types of amplifier 
circuits are considered: parallel (short circuit 
stable), series (open circuit stable), and compound. 

A General Purpose Laboratory D.C. Amplifier. 
R. J. K. Splatt. Gt. Brit., RAE TN E1.167, 
June, 1959. 8 pp. 


Antennas, Radomes 


A Method of Providing Test Signals of Calcu- 
lable Strength for Airborne Radio Direction 
Finders. R. W. Sharples. Marconi Rev., 4th 
Quart., 1959, pp. 234-239. Description of a 
method in which the loop itself is placed in a 
magnetic field of known strength. A transmission 
line carrying a known current is used to provide 
the magnetic field, the line being mounted inside 
a screened enclosure. 


Circuits & Components 


Fixed Capacitors in Transistor Circuits. 
Aerovox Res. Worker, July-Aug., 1959, pp. 1-3. 

Electronic Switch for Multi-Beam Oscillog- 
raphy. R. J. K. Splatt. Gt. Brit., RAE TN 
El.170, Aug., 1959. 10 pp. Discussion of an 
electronic switch consisting of gating circuits 
enabling four signals to be observed simultane- 
ously on one oscilloscope. The useful frequency 
range of the equipment is from a few cycles to 
approximately 2 ke./sec. Typical oscillographs 
using this apparatus are given. 

Transistor Stabilizer Used as a Voltage Ref- 
erence. A. Robbins. Gt. Brit., RAE TN G. W. 
528, Sept., 1959. 23 pp. Discussion of a minia- 
ture temperature-controlled voltage reference 
Source with a short term stability of better than 
two parts in 105. A Zener diode is used as the 
Teference element, and several types of voltage 
reference are investigated. 


The Application of Linear Servo Theory to the 
Design of AGC Loops. W. K. Victor and M. H. 
Brockman. JRE Pyoc., Feb., 1960, pp. 234- 
238. Army-sponsored presentation of an analyt- 
ical technique for designing automatic gain 
control circuits—e.g., for high-gain, high-per- 
formance radio receiving equipment. The tech- 
nique permits specification of the performance 
level, ramp changes in signal level, frequency 
response, and receiver gain error as a function of 
receiver noise, before the receiver is constructed 
and tested. The mathematical derivation of the 
closed-loop equations is presented. 


Communications 


Radio Interferometry. M. J. E. Golay. 
Astronautics, Mar., 1960, pp. 22-24, 48, 50, 52. 
esentation of a communication technique capa- 
ble of Measuring range with a precision of a frac- 
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Buffalo Hydraulics Division 
542 E. Delavan Ave., Buffalo 11, N.Y. 


... Specialists in hydraulic damping 
and vibration contro/ 


Miniature controls dampers serve 
three vital purposes in a super- 
sonic jet fighter. First, they 
prevent undesirable transient 
feedback to the control stick. 
Second, they prevent the pilot 
from over controlling during 
high-speed maneuvers. Third, 
they help reduce pilot fatigue. 


Houdaille hydraulic dampers are 
light, compact and extremely 
reliable. With them, pilots enjoy 
more positive control and greater 
safety because controls system 
feedback is eliminated. 


If you have controls vibration 
problems of any kind, Houdaille 


can provide the practical solution. 
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Vybor Parametrov Gibkoi Obratnoi Sviazi 
4 Magnitnykh Usilitelei Posredstvom Integral’- 
nykh Otsenok. L. V. Safris. Avtom. i Tele- 
3 : mekh., Oct., 1959, pp. 1392-1402. In Russian. ie 
3 Description of a method used to determine the . 
4 influence of the rate feedback parameters on the 
duration of the transient process in saturable 
4 reactor magnetic amplifiers. 
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SERVO-SYSTEMS 
FORCE CONTROL 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. f 


SARGENT Hydraulic Pumps 
Hydraulic Motors 


SARGENT Manufacturing 


FACILITIES including— BUILDS 
Pneumatic Cylinders 
Research Machining & Grinding Servo-Systems Pneumatic Valves 
Design Heat Treating, all types Hydraulic Systems Ball Screw Actuators 
Development Plating, all types Integrated Packages Gear Actuators 
Testing Inspection Hydraulic Actuators Gear Accessory Boxes 
Qualifying Assembly Hydraulic Valves Electronic Systems 


Since 1920 
ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 
HUNTINGTON PARK, CALIF. 


Handard of Excellence 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 
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tion of a wavelength, regardless of the range mag- 
nitude. 

A Rough Estimate of the Attenuation of Tele- 
metering Signals Through the Ionized Gas 
Envelope Around a Typical Re-Entry Missile. 
§.C. Lin. Avco Everett Res. Lab. RR 74, Feb., 
1956. 43 pp. USAF-supported discussion in- 
dicating that, in the frequency range used by the 
standard telemetering systems, it would be 
difficult to send any signal through the ionized 
gas throughout the critical part of the trajectory. 

SSB/ISB Systems for Long-Distance Radio- 
telegraphy. Walter Lyons. (AIEE Fall Gen. 
Meeting, Chicago, Oct. 11-16, 1959). Elec. Eng., 
Feb., 1960, pp. 146-149. Presentation of 
techniques for SSB/ISB transmitters in point- 
to-point long-distance  radiotelegraph com- 
munication circuits. The system allows an 
increase in traffic at the same time that frequency 
occupancy is reduced. 

A New Navigation System Using Artificial 
Earth Satellites. F.G. Smith. Inst. Navigation 
J., Jan., 1960, pp. 109-111. Discussion of the 
principles of a radio navigation system based on 
the reception of a radio transmission from an 
earth satellite. 

Radio Link to Space Can be Built with Today’s 
Hardware. K. H. Meissner. Space/Aero- 
nautics, Mar., 1960, pp. 141-144, 146. Evalua- 
tion of three basic methods of increasing system 
gain in along-range radiolink. The advantage of 
these methods in earth-space communications is 
defined. 

Pictorial Data Transmission from a Space 
Vehicle. J. F. Baumunk and S. H. Roth. 
Elec. Eng., Feb., 1960, pp. 134-138. Discussion 
pointing out some of the following problems: 
nonstationary terminals, the astronomical dis- 
tances involved, bandwidth restrictions con- 
sistent with power restrictions, and the require- 
ment of maximum reliability and minimum 
weight of equipment. The practicability of such 
a communication system is illustrated and 
general conclusions are drawn as to its component 
parts. 


Construction Techniques 


Space Requirements for Simple Mechanical 
Systems Excited by Random Vibration. H. 
Himelblau and L. M. Keer. ASA J., Jan., 1960, 
pp. 76-80. 12 refs. USAF-supported analysis 
considering the problem of collision between a 
simple mechanical oscillator (with damping) 
and an adjacent rigid member, or between two 
adjacent simple oscillators, when both are sub- 
jected to random vibration. A_ solution is 
obtained in terms of probability of occurrence and 
mean time between occurrences. 


Dielectrics 

Synthesis and Purification of Dielectric 
Materials. Appendix I—Preparation of Boron 
Nitride. Appendix II—A Survey of the Litera- 
ture on Preparation, Purification and Dielectric 
Properties of AleOs. T. W. Dakin, R. N. 
Wenzel, W. C. Divens, D. H. Hogle, D. W. 


Lewis, and P. A. Tierney. USAF WADC TR 
59-337, Pt. I, Oct., 1959. 131 pp. 37 refs. 


Solid-State Dielectric Circuit Devices. G. T. 
Wright. Electronics, Feb. 26, 1960, pp. 59-61. 
Study of a controlled current flow in insulators. 
Cadmium sulphide diodes are discussed, and 
the possible design of dielectric triodes is covered. 


Transformer Insulation for Extreme Environ- 
ments. A. E. Javitz. Elec. Mfg., Mar., 1960, 
pp. 80-86. 


Electronic Tubes 


Measurement of Internal Reflections in 
Traveling-Wave Tubes Using a Millimicro- 
second Pulse Radar. D. O. Melroy and H. T 
Closson. IRE Proc., Feb., 1960, pp. 165-168. 


Transmitting Tube Applications Manual. 

ARINC Res. Pub. No. 101-22-151, Oct. 15, 
1959. 138 pp. 

An Experimental Investigation of a Two- 
Cavity Klystron Operating Under Large-Signal 
Conditions. I. M. Stephenson. (JEE Paper 
Proc., Pt. B, Jan., 1960, pp. 60- 

refs. 


Magnetic Devices 


Permanent Magnets at High Temperatures. 
M. Me Caig. Cobalt, Dec., 1959, pp. 26-28. 
Summarized presentation of results of various 
tests on the magnetic properties of materials 
which can be used at high temperatures. 


Postoiannye Magnity i Novaia Tekhnika. 
A.N. Larionov. AN SSSR Vestnik, June, 1959, 
pp. 57-61. In Russian. Survey of the develop- 
ment in the field of constant magnets, including 
methods of research and various new applications. 


Ferrimagnetic Resonance in Polycrystalline 
Yttrium Iron Garnet. P. E. Seiden. Stanford 
- Microwave Lab. Rep. 657 (AFOSR TN 59- 
1186), Oct., 1959. 76 pp. 74 refs. 

The Effect of Temperature Change on Variable 
Inductance Telemetry Transducers. M. S. 
Terry. Gt. Brit, RAE TN T.D. 46, Oct. 


1959. 40pp. Study of the effects of temperature 
change on the performance of variable inductance 
transducers. An existing range of variable 
inductance transducers for use with the R.A.E. 
465 mce./sec. telemetry system is considered. 
Possible methods of temperature compensation 
are outlined, and an estimate is given of the 
degree of compensation that could be obtained. 


Networks, Filters 


. Filtration of Non-Stationary Processes. Otakar 
Sefl. Acta Technica, No. 2, 1959, pp. 139-146. 
Extension of the work by Zadeh and Ragazzini 
on filtration and prediction of a nonstationary 
signal disturbed by a stationary noise. The 
advantage of the approach is that no previous 
information about the coefficients of the poly- 
nomial representing the nonstationary part of the 
received signal is required. 


Gaussian-Response Filter Design. Milton 
Dishal. Elec. Commun., Jan., 1959, pp. 3-26. 
Review of the magnitude, phase, impulse response, 
step response, and effective thermal noise band- 
width of perfect Gaussian filters. 


Noise, Interference 


Special Issue: RFI—Radio Frequency Inter- 
ference. Electronic Des., Feb. 3, 1960, pp. 24- 
49. 28refs. Partial Contents: RFI—An Up-to- 
Date Survey, R. B. Schulz, H. M. Sachs, and 
G. C. Vallender. RFI Check-List, L. W. 
Thomas. RFI Interference Trouble-Shooting 
with Clamp-On-Devices, T. H. Herring. RFI 
Optimum Shielding of Equipment Enclosures, 
A. L. Albin. 


R. F. Interference in Extreme Environments. 
R. E. Shewmaker. Environmental Quart., Jan., 
1960, pp. 14, 15, 30. Discussion of the effects 
of extreme climatic environments on the propaga- 
tion of radio frequency interference generated by a 
component commonly encountered in a complex 
supersonic target drone system. The study 
shows that laboratory measurements of radio 
interferences in an ambient environment do not 
guarantee satisfactory operation when the noise 
source is exposed to extreme environments. 


The Measurement of Atmospheric Radio 
Noise by an Aural Comparison Method in the 
Range 15-500 kc/s. J. Harwood and B. N. 
Harden. (JEE Paper 3115 E.) IEE Proc., Pt. 
B, Jan., 1960, pp. 53-59. 


Oscillators, Signal Generators 


Development of Millimeter-Wave Backward- 
Wave Oscillator Tubes; 35-75 kmc. M. I. 
Antoniou, F. E. Gifford, and A. G. Peifer. 
USAF WADC TR 59-401, Sept., 1959. 121 pp. 


O Primenenii Relaksatsionnykh Generatorov 
dlia Generirovaniia Chastotno-Modulirovannykh 
Kolebanii. A. A. Vasil’ev. AN SSSR _ Dokl., 
Nov. 1, 1959, pp. 85-87. In Russian. Study 
showing the applicability of relaxation oscillators 
for the generation of frequency-modulated 
oscillations, as used in telemetering and other 
systems. 


Piezoelectricity 


Determination of Piezoelectric Properties as a 
Function of Pressure and Temperature. J. E 
McKinney and C. S. Bowyer. ASA J., Jan. 
1960, pp. 56-61. 


Piezoelectric Properties of Polycrystalline 
Lead Titanate Zirconate Compositions. i.” 
Berlincourt, C. Cmolik, and H. Jaffe. JRE 
Proc., Feb., 1960, pp. 220-229. 18 refs. 


Power Supplies 


Controlling Alternator Frequency. Harry 
Etches. Electronic Ind., Mar., 1960, pp. 104- 
109. Discussion of the fine speed and load 
sharing control system providing electrical and 
electronic means for precisely maintaining steady- 
state line frequency. This is achieved by nulling 
a line frequency signal and a precise reference 
frequency through an electric differential. 


RMS-Sensing Regulator Designed for Reli- 
ability. George Schohan. Elec. Mfg., Mar., 
1960, pp. 87-91. Presentation of the design of a 
line-voltage regulator to use reliable r.m.s. 
voltage error sensors, such as thermistors and 
incandescent lamps, which exhibit relatively low 
sensitivity. Included is the detailed design 
procedure for the key component—i.e., a satu- 
rable reactor. 


Factors Affecting the Dynamic Performance of 
a Conventional Direct Acting Carbon Pile 
Voltage Regulator When Inter-Connected with a 
Shunt Wound D.C. Generator. D. O. Burns. 
Gt. Brit., RAE TN El.171, Aug., 1959. 20 pp. 


Radar 


A Radar Test Target System. Appendix— 
The Plastic Rocket Motor. J.T. Rose and R. D. 
Smith. U. S., NASA TN D-164, Jan., 1960. 
53 pp. Discussion of free-flight tests on two 
versions of a radar test system. The first 


version employed a 30-in.-diam. inflatable sphere 
with a special plastic third-stage rocket to serve 
as a low radar signal reflecting target. A second 
version employed a 12-ft.-diam. inflatable sphere. 


A Study of the Accuracy of the XN-1 Radar. 
N. W. Hill, Jr. RCA Data Proc. TR55 (AFMTC 
TR 59-28), Nov. 24, 1959. 38 pp. 


The Radar Cross Section of a Semi-Infinite 
Body. H. Brysk. Can. J. Phys., Jan., 1960, 
pp. 48-56. Discussion of the basic definition of 
a cross section that leads to an unequivocal 
formulation for the cross section of a semi- 
infinite body. Its consequences are pursued in 
the physical optics approximation. 


Electronic Scanning Radar Systems. K. E. 
Forsberg and P. J. Kahrilas. Sperry Eng. Rev., 
Dec., 1959, pp. 2-9. Discussion of electronic 
scanning as a means of attaining the high radar 
scanning rates necessary to track high-speed 
targets. The concept of phase scanning, fre- 
quency scanning, and feed switching are weighed 
as alternatives to the mechanical positioning of 
a radar antenna. Both one-dimensional and 
two-dimensional scanning techniques are 
evaluated. 


Radar Now Sees in ‘3-D.’’ Vectors, 4th 
Quart., 1959, pp. 6, 7. Description of the 
frequency scan radar which computes airborne 
target distances, bearings, and altitudes simul- 
taneously. Longer range and improved target 
resolution are among its advantages over previous 
radar systems. 


Reliability 


Reliability Analysis Techniques. Ch. A. 
Krohn. JRE Proc., Feb., 1960, pp. 179-192. 
25 refs. Discussion of the failure rate as a 
measure of reliability of typical electronic equip- 
ment in continued use. Techniques for analyzing 
reliability data obtained fromlaboratory reliability 
measurements or field data are presented. 
Reliability quantification in single-use equipment 
and reliability control through design and 
redundancy are studied. 


Mathematical Models for System Reliability. I. 
R. E. Barlow and L. C. Hunter. Sylvania Tech., 
Jan., 1960, pp. 16-31. Presentation of a method 
for determining the reliability of large, complex 
systems. In recognition of the _ stochastic 
nature of the time between failures in an elec- 
tronic system, the reliability of any system is 
defined in terms of a suitable stochastic process. 
Certain specific applications of the generalized 
concepts are included. 


Unified Physical Design for System Reli- 
ability. D. K. Richardson. Elec. Mfg., Mar., 
1960, pp. 148, 149, 174. Discussion of the 
advantages of system-based physical design for 
equipment development, one of which is common- 
component and process standardization. An 
interceptor weapon-control system serves as an 
example for describing the concept of overall 
design unification. 


Semiconductors 


Three-Element Semiconductor Materials. J. 
H. Wernick and R. Wolfe. Electronics, Feb. 12, 
1960, pp. 103-108. Discussion of methods for 
predicting new semiconductor compounds, and 
description of physical measurements to deter- 
mine (a) whether the compound is a semi- 
conductor and (b) its possible applications. 


Zener Diodes—Their Properties and Applica- 
tions. J. M. Waddell and E . Coleman. 
Wireless World, Jan., 1960, pp. 17-21. 


Designing with Tunnel Diodes. I. U. S. 
Davidsohn, Y. C. Hwang, and G. B. Ober. 
Electronic Des., Feb. 3, 1960, pp. 50-55. 11 refs. 
Discussion of design characteristics, operational 
limits imposed by these characteristics, and their 
effect on circuit stability. 


Telemetry 


O Povyshenii Effektivnosti Teleizmereniia. 

. V. Pozin. Avtom. i Telemekh., Oct., 1959, 
pp. 1403-1408. In Russian. Evaluation of 
methods for improving the efficiency of data 
transmission in telemetering processes by taking 
into account such spectral characteristics of the 
measured parameter as the dependence of vibra- 
tion amplitude and measurement error from the 
frequency of oscillations. 


Transmission Lines 


Experimental Investigation of the Efficiency of 
a Helix Waveguide. G. A. Silenok, A. K. Berezin, 
P. M. Zeidlits, and A. M. Nekrashevich. Sov. 
Phys. - Tech. Phys., Feb., 1960, pp. 861-867. 
Translation. Measurement of the frequency 
dependence of the efficiency of a helix wave 
guide for a range of 150-800 mc. 


Investigation of a Circular Waveguide Periodi- 
cally Loaded with Straight Wires. M. Ettenberg 
and T. Tamir. Polytech. Inst. Bklyn. MRI EG 
Res. Rep. R-782-59, PIB-710 (AFOSR TN 59- 
1298), Oct. 15, 1959. 13 pp. 11 refs. 
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Wave Theory 


Interpretation of the Results of the RF Con- 


finement Experiment. Sturrock. Stanford 
U. HLP Microwave Lab. Rep. 638 (AFCRC TN 
59-878), Oct., 1959. 25 pp. Review of experi- 
ments conducted and theories proposed concern- 
ing the confining action of low frequency (about 
10 mce./sec.) r-f fields upon plasmas. A new 
theoretical explanation is given treating the 
experiment in terms of ‘‘pseudo-confinement.”’ 


Fading and Attenuation of High-Frequency 
Radio Waves Over a Long Path Crossing the 
Auroral Zone. Appendix—Some Properties of 
“Doppler”’ Fading. K. C. Veh. Stanford U. 
SEL RPL Sci. Rep. 2 (AFCRC TN 58-415) 
[AD 152580], July 28,1958. 7l pp. 38 refs. 


Motions of Large-Scale Traveling Disturbances 
Determined from High-Frequency Backscatter 
and Vertical Incidence Records. J. F. Valverde. 
Stanford U. SEL RPL Sci. Rep. 1 (AFCRC TN 
22 re, [AD 152579}, May 21, 1958. 92 pp. 

reis 


Proposed Technique for Improving the 
of Voice Radio in 
Presence of Flutter Fading. 

Villard, Jr., and K. C. Yeh. Stanford uv? “SEL 
RPL Sci. Rep. 3 (AFCRC TN 58-644), Oct. 14, 
1958. 10 pp. 


On the Question of Multiple Scattering in the 
Troposphere. D. S. Bugnolo. Columbia 3 
Sch. Eng. Dept. Elec. Eng. TR T-4/D (AFOSR 
TN 59-1252), Nov. 19, 1959. 20 pp. 18 refs. 
Development of a criterion to serve as a measure 
of multiple scattering in the troposphere as a 
result of dielectric moise. The criterion is 
developed in detail for an arbitrary dielectric 
noise and applied to a number of special cases. 


Fuels & Lubricants 


Lubrication of a Rotating Cylinder on a Plane 
Surface, Considering Cavitation. Leif Floberg. 
Chalmers Tek. Hégskolas Handlingar, No. 216, 
1959. 40 pp. 


Molybdenum-Disulphide; Its Use in Aircraft 
Manufacture and Maintenance. H. P. Jost and 
W. Bye. Aircraft Prod., Feb., 1960, pp. 57-61. 
Discussion of the use of ‘molybdenum-disulphide 
as a lubricant. Impurity and particle size as 
causes of lubrication failure, the nature of molyb- 
denum-disulphide, the methods of application, 
and its uses are studied. 


The Future for Rocket Propellents. W. N. 
Neat. The Aeroplane & Astronautics, Feb. 12, 
1960, pp. 202, 203. Discussion concluding that 
propulsion requirements of ballistic missiles are 
adequately served by lox and kerosene or solid 
propellants, but for space flight the development 
of liquid hydrogen will be accelerated due to its 
higher energy and possible future applications to 
nuclear rockets. 


Pure Shock Environmental Testing of Con- 
densed-Phase, Unstable Materials. T. A. 
Erikson. ARS J., Feb., 1960, pp. 190, 191. 


The Use of Cation Exchange Resins with H. T. 

. LL. A. Pearson and M. G. Nicoll. Australia, 
WRE TM Prop. 11, Nov., 1958. 12 pp. Dis- 
cussion of the use of cation exchange resins of 
the cross-linked polystyrene type as means of 
adjusting the acidity of H. T. P. for propulsion 
purposes to a desired value. The significance of 
pH measurements in H. T. P. solutions is studied. 
The use of these resins in removing metallic 
impurities from hydrogen peroxide solutions 
before concentration in vacuum stills is also 
evaluated. 


Chemical Fragments as Ultra-Energy “nt 
pellants. D. L. Wulff, L. H. Baum, and 
Flournoy. Aerojet-Gen. TN 33 (AFOSR- TN 
59-1249), Nov., 1959. 56 pp. 115 refs. 


New Extruding Techniques Developed for 
a Steel and Pure Beryllium. 
Christensen. (SAE Natl. Aero. Meeting, 
gg Angeles, Oct. 5-9, 1959, Preprint 98U.) 
SAE J., Feb., 1960, pp. 35-39. Abridged. 
Storables Stir Renewed Interest. C. M. 
Beighley. Missiles & Rockets, Feb. 15, 1960, 
pp. 30-32. Survey of the properties of numerous 
storable propellants. The boron compounds, still 
in the research stage, are discussed, and the 
advantages of storables are evaluated. 


Ice Formation & Prevention 


The Use of Thermal Ice Detectors for Measure- 
ment of Ice Crystal Concentration. I. I. Mc- 
Naughton and F. J. Bigg. Gt. Brit., RAE TN 
Mech. Eng. 282, Sept., 1959. 16 pp. 


Flight Tests of an Experimental Helicopter 
Rotor Blade Electrical De-Icer. J. R. Stallabrass. 
Canada, NRC Aero. Rep. LR-263, Nov., 1959 
52 pp. Description of tests performed under 
simulated icing conditions to determine the 
feasibility of electro-thermal deicing based on the 
spanwise shedding principle. 

Ice Protection for Jets. E. W. B. Hill. Air 
BP, No. 14, 1959, pp. 26-30. Review of the 
conditions affecting the severity, frequency, and 
rate of icing. The three principal methods used 
in aircraft to prevent or control ice formation, the 
specified icing atmosphere, facilities for producing 
artificially simulated icing for ice-worthiness 
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tests, special problems encountered in the simula- 
tion of icing clouds by a water-spray system, and 
a typical deicing test schedule are studied. 


Instruments 


High-Frequency Strain Gauge and Acceler- 
ometer Calibration. J. S. Nisbet, J. N. Brennan, 
and H. I. Tarpley. ASA J., Jan., 1960, pp. 
71-75. Army-sponsored description of apparatus 
for calibrating bonded wire resistance strain 
gages in the frequency range from 2 to 20 ke. 


A High Temperature X-Ray Diffractometer 
Specimen Mount. W.L.Baun. USAF WADC 
TN 59-139, Oct., 1959. 11 pp. 

Continuous Oscillographic Method for Measur- 
ing the Velocity and Conductivity of Stable and 
Transient Shocks in Solid Cast Explosives. A.B. 
Amster, P. A. Kendall, L. J. Veillette, and Burton 
Harrell. Rev. Sci. Instr., Feb., 1960, pp. 188- 
192. 15 refs. 


Flow Measuring Devices 


Die elektronische Messung der ea 
geschwindigkeit und der Turbulenz. R. 
Staritz. VDI Zeitschrift, Jan. 21, 1960, 
94-97. In German. Development and study of 
a hot-wire anemometer for measuring the flow 
rate of gases and the turbulence spectrum. 
Precise measurements are obtained and turbulence 
at frequencies up to and exceeding 30 kc./sec. 
can be metered. 


Acoustic Microanemometer for Investigating 
the Microstructure of Turbulence. ; a 
Gurbitch. Sov. Phys. - Acous., Feb., 1960, pp. 
375-377. Translation. Discussion of a new 
microanemometer design using cylindrical con- 
denser transducers of a diameter of 2 mm. with a 
working length of 5 mm. for the microphones and 
radiators. 


Temperature Response of a Hot-Wire Ane- 
mometer to Shock pee Rarefaction Waves. S.G. 
Datar. UTIA TN 28, June, 1959. 36 pp. 
18 refs. Navy- supported study of hot-wire 
anemometers, including the theory, experimental 
procedure, and the results. The discrepancy 
between the theoretical and the practical results 
is noted for wave strengths of large values. 

Radioactive Tracers Find Jet Fuel Flow Rates. 
J. D. Keys and G. E. Alexander. Electronics, 
Feb. 19, 1960, pp. 58,59. Discussion of a method 
for the recording of the flow rate of jet fuel 
containing a radioactive tracer, which uses a 
simultaneous gating of o cillator and radiation 
detector. 

Calibration of Turbine Flowmeters for Cryo- 
genic Operation. Jerry Grey. ARS J., Feb., 
1960, pp. 192, 193. 


Gyroscopes 


Design of a Final Calibration Stand for a 
Pendulous Integrating Gyroscope. E. Sonn- 
tag and J. L. Perample. GM Eng. J., Jan.- 
Mar., 1960, pp. 13-16. Discussion of design 
problems and test principles involved in inertial 
guidance systems. An improved final calibration 
stand for a pendulous gyroscope, used in an 
integrating accelerometer for a ballistic missile, is 
studied. Instead of the centrifuge method, this 
calibration stand tilts the gyroscope so that the 
gravity vector causes an acceleration input. 


Precision Gyro Operation Through Torque 


Averaging. M. S. Klemes, A. W. Lane, and E. 
L. Zeigler. Sperry Eng. Rev., Dec., 1959, pp. 
23-27. Discussion of gyro drift considering ball- 


bearing torques. The force mechanisms causing 
bearing torques are described, and the torques 
are classified and analyzed. 


Pressure Measuring Devices 


A Device for Measuring Fluctuating Pressure in 
the Presence of Large ean Pressure. D. J. 
LI. Lewis. Gt. Brit., RAE TN Aero.2616, Apr., 
1959. 14 pp. 


Stress & Strain Measuring Devices 


On a Curvilinear Strain Gage for Stress 
Analysis. Shosaburo Negoro. Kyushu U. Rep. 
Res. Inst. Appl. Mech., No. 25, 1959, pp. 47-62. 
Description of curvilinear strain gages with small 
circular basic domains. The relationship be- 
tween stress and strain components is discussed, 
and mathematical equations for special cases are 
included. An illustrative example is presented, 
showing that the strain components can be 
found by measuring only the curvilinear strain. 


Temperature Measuring Devices 


Surface Temperature Measurement. W. K. 
Moen. Instruments & Control Systems, Jan., 
1960, pp. 70-73. Discussion of the magnitudes 
and sources of error in the measurement of 
surface temperatures. 


Temperature Measurement with Thermistors. 
R. M. Atkins. Instruments & Control Systems, 
Jan., 1960, pp. 86-88. Discussion of the applica- 
tion, probe selection, and the advantages in the 
use of thermally sensitive resistors. 
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Presnost Méfeni Strédnich Teplot Plyni 
Kapalin Mrizkovgmi Teploméry. ArnoSt Kessler. 
Matematicko-Fyztkélny Caésopis, No. 1, 1958, pp. 
52-70. In Czechoslovak, with summaries in 
German and Russian. Evaluation of a te chnique 
for measuring the mean temperature of gases and 
liquids by means of a specific thermometer 
arrangement. 


Laws & Regulations 


des Weltraumgebietes. Alex 
Meyer. (DGRR Annual Meeting, Munich, May 
8, 1959.) Raketentech. & Raumfahrtforsch , Jan., 
1960, pp. 1-6. In German. Survey of several 
legal problems particularly related to artificial 
earth satellites. Discussed are such aspects as 
the legal nature of space, the legal responsibility 
in space flight, and the legal state of manned earth 
satellites. 


Machine Elements 


Bearings 


Extension of the Conducting Sheet Analogy to 
Externally Pressurized Gas Bearings. Lazar 
Licht. Franklin Inst. Labs. Interim Rep. 1- 
A2049-9, Oct., 1959. 11 pp. ONR-supported 
calculation of the pressure field, load capacity, 
and lubricant flow of hydrostatic oil bearings by 
— of the electric analogy of the conducting 
sheet 


Stability of Externally Pressurized Gas Journal 
Bearings. Lazar Licht. Franklin Inst. Labs. 
Interim Rep. I-A2049-8, Oct., 1959. 31 pp. 
ONR-supported development of a_ stability 
analysis for gas journal bearings having externally 
pressurized pads, symmetrically spaced along the 
circumference. The journal, initially in an 
eccentric equilibrium position, begins to move in 
an arbitrary direction under the influences of a 
small, random disturbance. 


The Centrally Loaded Partial Journal Bearing. 
Bengt Jakobsson and Leif Floberg. Chalmers 
Tek. Hégskolas Handlingar, No. 214, 1959. 34 
PP. 


Experimental Investigation of Power Loss in 
Journal Bearings, Considering Cavitation. Leif 
Floberg. Chalmers Tek. Hégskolas Handlingar, 
No. 215, 1959. 16 pp. 


The Behavior of Lubricated Ball Bearings in 
Controlled Atmospheres. W.A.Glaeser. Lubri- 
cation Eng., Feb., 1960, pp. 56-60. Study of 
the influence of an oxygen and water-vapor free 
atmosphere on bearing performance. The gases 
included in the study are hydrogen, helium, and 
a nitrogen-hydrogen mixture. 


Mechanisms & Linkages 


The Unique Properties of Flexure Pivots. F. 
S. Eastman. Trend in Eng., Jan., 1960, pp. 
5-11. Discussion of types of flexure pivots and 
some design considerations. Stiffness, restoring 
moment, bearing friction, and methods of 
precision construction of crossed-flexure pivots 
are considered. 


Rotating Discs & Shafts 


A Method of Estimating the Environmental 
Damping Coefficient of a Rotating Disc. P. 
Srinivasan. J. Aero/Space Sci., Apr., 1960, pp. 
312-314. Applications of the method of small 
vibrations to determine whether the disturbance 
increases or decreases and, if so, under what 
conditions. 


Creep Deformation; The Analysis of Creep in 

a Thin Rotating Disk with a Centra! Circular 
Hole. B. V. Saroja. Aircraft Eng., Feb., 1960 
pp. 34-36. 


Kruchenie Uprugikh Valov Raspre- 
delennymi 7 eee S. A. Bakanov. MVO 
SSSR VUZ Izv. . Tekh., No. 1, 1958, pp. 126- 
132. In ce lg “Derivation of a solution for 
the problem of torsion of elastic circular shafts 
subjected to distributed loads. 


Transmissions, Clutches, Drives 


Analiz Raboty Dempfera Sukhogo Treniia 
dlia Umen’sheniia Kolebannii Vala pri Perekhode 
Cherez Kriticheskie Skorosti. D. F. Pichugin. 
MVO SSSR VUZ Izv. Av. Tekh., No. 1, 1958, 
pp. 150-157. In Russian. Analysis covering 
the operation of dry-friction dampers for reducing 
shaft vibrations during the critical velocity 
phase. 


Materials 


Ceramics & Ceramals 


Uranium Dioxide Compatibility with Refractory 
Metals, Carbides, Borides, Nitrides, and Oxides 
Between 3500° and 5000 <4. Gangler, \ W. A. 
Sanders, and I. L. Drell. 7: S., NAS N D- 
262, Feb., 1960. 28 pp. 
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Corrosion & Protective Coatings 


Protective Finishes for Aircraft and Com- 
ponents. P. E. Lamoureux. Can. Aero. J., 
Feb., 1960, pp. 48-45. Discussion of the use of 
epoxies and polyurethanes as finishes. The use 
of these finishes for protection against corrosion 
and for temperature control is discussed. 

Effect of Vacancy Condensation on the Corro- 
sion Susceptibility of Subgrain Boundaries in 
Aluminum. O. P. Arora and M. Metzger. 
Acta Metallurgica, Jan., 1960, pp. 49-52. 15 
refs. 


High Temperature 


Graphite as a Structural Material in Conditions 
of High Thermal Flux. A.J.Kennedy. (NATO 
AGARD Structures & Materials Panel, Aachen, 
Sept., 1959.) Coll. of Aeronautics, Cranfield, Rep. 
121, Nov., 1959. 38pp. 41refs. Review of the 
basic data on graphite and the graphitization 
process. The principal methods of graphite 
manufacture and the state of development of 
these methods are presented. The erosion of 
graphite by high velocity gases under various 
conditions is studied. Considerations related to 
thermal shock, creep, and fabrication are surveyed, 
and the development of new graphites is con- 
sidered. 

Exploratory Investigation of Several Coated and 
Uncoated Metal, Refractory, and Graphite 
Models in a 3,800° F Stagnation Temperature Air 
Jet. O. F. Trout, Jr. U.S., NASA TN D-190, 
Feb., 1960. 73 pp. 


Metals & Alloys 


Preparation of High Purity W, Mo, Ta, Cb, and 

rt. G. A. Moore and L. L. Wyman. USAF 
WADC TR 59-314, Oct., 1959. 9 pp. 

Some Further Results Obtained from the 
Microscopic Examination of Fatigue, Tensile and 
Stress Corrosion Fracture Surfaces. P. J. E. 
Forsyth, D. A. Ryder, A. C. Smale, and R. N. 
Wilson. Gt. Brit, RAE TN Met. 312, Aug., 
1959. 22 pp. 14 refs. 


K Voprosu o Mekhanizme Razrusheniia. 
Tverdykh Tel. S. N. Zhurkov and A. V. Savitskii. 
AN SSSR Dokl., Nov. 1, 1959, pp. 91-93. 19 
refs. In Russian. Study of the mechanism of 
rupture in solid bodies, including analysis of the 
theory of crack growth and determination of the 
activation energy compared with the derived 
sublimation and selfdiffuson energy. 


State of the Art: Chromium and Rhenium. 
J. W. Wilson. Space/ Aeronautics, Mar., 1960, 
pp. 45-49. Review of refractory metals and 
some of their alloys. Properties discussed 
include tensile strength, elongation, creep, stress- 
rupture, and modulus of elasticity. 


Tungsten for High-Temperature Coatings. 
Tech. News Bul., Feb., 1960, pp. 32, 33. Pres- 
entation of a method for plating tungsten on 
metal surfaces by a vapor deposition process. 
The nature of the tungsten coating and its 
adhesive bond are studied. 


Development of High-Temperature Iron-Base 
Alloys. A. Kasak, V. K. Chandhok, and E. J. 
} po USAF WADC TR 59-353, Oct., 1959. 

pp. 


Some Aspects of Cracking in Welded Cr-Ni 
Austenitic Steels; A Survey of the Literature. 
J.C. Borland and R. N. Younger. Brit. Welding 
J., Jan., 1960, pp. 22-59. 162 refs. 


The Mechanical Properties at Room and 
Elevated Temperature of F.S.M.I Half-Hard 
Sheet. D. C. Hayward. Gt. Brit., RAE TN 
Met. 304, May, 1959. 13 pp. Presentation of 
results obtained from tensile and compressive 
tests on austenitic stainless steel. 


Machining of Cobalt-Containing Alloys. C. 

T. Olofson and F. R. Morral. Cobalt, Dec., 
1959, pp. 15-25. 64 refs. Presentation of 
data on special machining techniques for high- 
speed and hot-working tool steels. 
Powder-Metallurgy Parts—Their Advantages 
in Design. H. E. Barkan. Elec. Mfg., Mar., 
1960, pp. 139-147. Definition of powder metal- 
lurgy and survey of its applications in the design 
of electrical and electronic components. The 
Properties, advantages, and design parameters of 
powder-metallurgy products are shown. 


_On the Sintering of W-Ni-Cu Heavy Metal. 
Simo Makipirtti. Acta Polytechnica Scandina- 
tica Ch 5 (265), 1959. 71 pp. 102 refs. Study 
of phenomena occurring when a W-Ni-Cu powder 
mixture is sintered. The isothermal shrinkage of 
the powder specimens, as a function of time, is 
studied in the temperature interval 500°—1,450°C. 
The activation energy of shrinkage and the effect 
of the Green density are investigated. 


Tensile Ductility of Hard-Rolled F.S.M.I 
Stainless Steel Strip in the Temperature Range 
—40 to 500°C. H. Brooks, M. S. Binning, and 
J. T. Ballett. Gt. Brit., RAE TN Met. 307, 
May, 1959. 21 pp. 


Development of a Corrosion-Resistant Bearing 
Steel for Service in Aircraft at Temperatures up 
to 1000 F. Appendix—Tempering Parameter and 
Its Application to the High-Temperature Bearing 
Problem. G. Steven and T. V. Philip. USAF 
WADC TR 59-390, Oct., 1959. 60 pp. 


BUILD ON... 


TEMPERATURE CONTROL 
EXPERIENCE 


REFRIGERATION 


Sensitive aircraft and missile components and 
systems often require temperature control 
within close limits — while ambient temper- 
atures fluctuate widely. Eastern refrigera- 
tion-type cooling systems are ideal for such 
conditions. 


Designed for the strictest military require- 

ments, these vapor-cycle closed-system 

packages are built around a highly efficient 
compressor powered by a special 400-cycle 
motor. Unique condensing and _ special 
cooling methods are called upon to meet 
the most unusual operating requirements, 
the most demanding specifications. 


Capacities range from 100 to 6000 watts; 
operating altitudes extend to 100,000 
feet. Some units, of the “boil-off’ type, 
perform almost without regard for ex- 
tremes in altitude and temperature. 


Call on Eastern for imaginative solu- 


tions to all avionic cooling problems 
. .. and write for new Bulletin 360. 


EASTERN 
INDUSTRIES 
INCORPORATED 


100 SKIFF STREET 
HAMDEN 14, CONN. 
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Metals & Alloys, Nonferrous 


A Contribution on the Hardening of Technical 
Aluminium by the Addition of Small Quantities of 
Alloying Substances. M. Protopopescu. (Siud. 
Cerc. Metall., No. 4, 1957, pp. 425-442.) Ct. 
Brit., MA TIL/T4990, Dec., 1959. 19 pp. 11 
refs. Translation. 


A Parameter to Represent the Mechanical 
Properties of Aluminium Alloys After Soaking at 
Elevated Temperatures. Appendix I—Deriva- 
tion of Formula and Method of Extrapolation. 
Appendix II—Extracts from Material Specifica- 
tions. W. A. P. Fisher. Gt. Brit., RAE TN 
Struc.270, Aug., 1959. 27 pp. 


Predicted Behavior of Rapidly Heated Metals 
in Compression. E. Z. Stowell and G. J. Heimer]. 
U.S., NASA TR R-59, 1960. 15 pp. Presenta- 
tion of predictions on the behavior of 7075-T6 
aluminum alloy sheet in compression under un- 
restrained constant-stress conditions and under 
completely restrained conditions for temperature 
rates from 0.1°F. to 100°F. per sec. 


How Temperature Affects the Measurement of 
Aluminum. J. C. Moody. Tool Engr., Feb., 
1960, pp. 81-86. Survey covering measuring 
principles, design considerations, fabrication of 
test pieces, the metrology of aluminum, and the 
significance of thermal studies. 


Effect of Heat Treatment on the Metallurgical 
and Mechanical Properties of 7Al-3 Mo Titanium 
Alloy. P.L. Hendricks. USAF WADC TR 59- 
263, Nov., 1959. 97 pp. 


Nonmetallic Materials 


Pressure-Sensitive Tape Suspension Systems 
for Aircraft Parts in Shipping Containers. II— 
Effects of Accelerated Exposure on Tape Prop- 
erties. Appendix—Instructions for Dynamic 
Tension and Dynamic Shear Tests. A. W. Voss. 
USAF WADC TR 58-455, Pt. II, Oct., 1959. 
28 pp. 


A Survey of 18 oz. Blended Serge Fabrics: 
Stability of Fabrics to Moisture and R. H. 
Movement. N. J. Abbott, Leo Barish, and M. M. 
Platt. USAF WADC TR 59-242, Oct., 1959. 34 
pp. 

New Design Data for FEP and TFE. I— 
Strength and Deformation. IIl—Thermal, Wear, 
and Electrical Properties. L.H. Gillespie, D. [oy 
Saxton, and . M. Chapman. Mach. Des. 
Jan. 21; Feb. 18, 1960, pp. 126-137; 156-162. 

Low Pressure Phenolic Resins. S. Kohn. 
(La Recherche Aéronautique, Jan.-Feb., 1959, pp. 
39-46.) Gt. Brit., RAE Lib. Transl. 855, Nov., 
1959. 18 pp. 


Research on Cured Polyester Resins. W. 
Funke, W. Gebhardt, H. Roth, and K. Hamann. 
(Makromol. Chem., No. 1, 1958, pp. 17-57.) 
Gt. Brit., MA TIL/T5063, Dec., 1959. 35 pp. 
14 refs. ’ Translation. 


The Mechanical Properties of Synthetic 
Rubbers at Elevated Temperatures. II—Hy- 
palon and Polyacrylic Rubbers. R. Sinnott. 
Gt. Brit., RAE TN Chem. 1354, Aug., 1959. 14 
Pp. 


Testing Methods 


An Instrument for Determination of Impact 
Sensitivity of Materials in Contact with Liquid 
Oxygen. W.R. Lucasand W. A. Riehl. ASTM 
Bul., Feb., 1960, pp. 29-34. Description of an 
instrument to determine the impact sensitivity 
of lubricants, oils, greases, solvent residues, and 
gaskets used in a lox environment. Test results 
illustrating variables which must be controlled in 
impact testing are also presented. 


Experience with a 15 Me V Betatron in the Non- 
Destructive Testing of Steel Products. ing 
Krachter. (Stahl und Eisen, No. 7, 1959, 
419-426.) Gt. Brit.,MA TIL/T5040, Nov., 1959. 
12 pp. Translation. 


Fracture Testing of High-Strength Sheet 
Materials: A Report of a Special ASTM Com- 
mittee. I, II. ASTM Bul., Jan.; Feb., 1960, 
pp. 29-40; 18-28. 19 refs. Presentation of 
methods to measure a material characteristic 
called “fracture toughness,’”’ discussion of the 
stress analysis underlying the test method, and 
application of the test results to design and to 
failure analysis. The effect of temperature on 
fracture toughness is considered for a number of 
typical materials. Finally, three possible screen- 
ing test methods, which have been used in evaluat- 
ing materials and methods of heat treatment, are 
described. 


Design and Construction of a Surface Balance 
for Monolayer Studies. J. M. Hammond, W. G. 
P. Robertson, and M. H. Williams. Australia, 
WRE TM PD 122, Mar., 1959. 12 pp. 11 refs. 
Discussion of a surface balance designed in order 
to study the surface properties of high polymers 
at the air-water interface. The sensitivity of 
the balance is 0.09 + 0.01 dyn/cm. 

Vibratsionnaia Mashina s Masliannym Stabi- 
lizatorom Amplitudy dlia Ispytaniia Obraztsov na 
Ustalost’. S. F. Panov. MVO SSSR VUZ Izv. 
Priborostr., No. 1, 1958, pp. 92-101. In Russian. 
Description of a device used to determine the 
behavior of structural materials subjected to 
vibration, as encountered in the case of turbine 
blades. 
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Testing at High Heat Rates. J. P. Moran 
Mach. Des., Jan. 21, 1960, pp. 138-142. Discus- 
sion of the design of heating equipment for 
simulating extreme temperature rises as en- 
countered in the fast climb of manned inter- 
ceptors. 


Determining the Thermoelastic Properties of 
Metals and Alloys. Tech. News Bul., Feb., 
1960, pp. 30, 31. Discussion of the equipment 
for testing the thermoelastic properties of metals 
and alloys. Information gained by the pendulum 
method or the sonic vibration method is shown to 
be useful in the development of improved alloys 
for spring materials. 


Mathematics 
Algebras 


Local Differential Algebra. Abraham Robin- 
son. Hebrew U. TSN 4 (AFOSR TN 59-817) 
[AD 220589], May, 1959. 61 pp. Development 
of a theory extending Ritt’s approach in order 
to take into account initial conditions. A con- 
sistency condition can be obtained for a system 
of algebraic differential equations with given 
initial values. 


Boolean Algebra. G. A. Wires. Instruments 
& Control Systems, Feb., 1960, pp. 270-273. 
Discussion covering gating networks performing 
certain types of arithmetic operations and control 
functions. The half adder and the full adder are 
studied. 


Differential Equations 


A Turning Point Problem for a System of 
Two Linear Differential Equations. Wolfgang 
Wasow. J. Math. & Phys., Jan., 1960, pp. 
257-278. 10 refs. Army- -sponsored application 
of a matching method to a system of two first- 
order differential equations, of interest in the 
adiabatic theory of Hamiltonian systems. 


Characteristic Values Associated with a Class 
of Nonlinear Second-Order Differential Equa- 
tions. Zeev Nehari. Carnegie Inst. Tech. Dept. 
Math. TR 31 (AFOSR TN 59-1262), Dec., 1959. 
45 pp. 

On the Characteristic Exponents of Linear 
Periodic Differential Systems. J. K. Hale. 
RIAS TR 59-6 (AFOSR TN 59-1220), Dec., 
1959. 14 pp. 22 refs. Study of some results 
which can be obtained by applying the method of 
successive approximations of Cesari, Hale, and 
Gambill to the determination of the characteristic 
exponents of a special linear differential system 
with periodic coefficients. Applications to the 
stability of periodic solutions of weakly nonlinear 
differential systems and to the boundedness of 
the solutions of linear differential systems are 
stated. 


A Numerical Method for Solving Control 
Differential Equations on Digital Computers. 
W. H. Anderson, R. B. Ball, and J. R. Voss. 
Assoc. Comp. Mach. J., Jan., 1960, pp. 61-68. 
Development of a method revealing both detailed 
transient response and steady state conditions 
with a minimum of machine time. The solution 
of linear differential equations, which are simul- 
taneous with nonlinear but slower acting dif- 
ferential equations and are found in missile con- 
trol systems, is discussed. 


Boundary Contraction Solution of Laplace’s 
eo Equation. II. Tse-Sun Chow and 
W. Milnes. Assoc. Comp. Mach. J., Jan., 
1560" pp. 37-45. Discussion of the numerical 
solution of Laplace's equation for the circle. 
The convergence of the solution obtained by the 
boundary contraction method to the analytic 
solution is considered. It is proved that in order 
to achieve this, a relation between the mesh 
sizes in the circumferential and radial direction 
must exist. 


On Uniqueness Hyperbolic 
Differential Equations. J. P. Shanahan. Johns 
Hopkins U. Dept. Math. TN (AFOSR TN 59- 
650), May, 1959. 16 pp. Study of the unique- 
ness, existence, and convergence of successive 
approximations for a solution of an initial value 
problem, where zxy = f(x,y,z,zx,zy) and z(x,0), 
z(0,y) are assigned. Analogs of the Nagumo 
and Kamke criteria in the theory of ordinary 
differential equations are obtained. 


Stability of a Numerical Solution of Dif- 
ferential Equations. II. E. Milne and R. R. 
Reynolds. Assoc. Comp. Mach. J., Jan., 1960, 
pp. 46-56. Extension of the method using New- 


ton’s ‘“‘three eighths’’ quadrature formula to avoid 
instability in Milne’s method of solving differential 
equations numerically. Equations and systems 
of equations of higher order are discussed. 


Svedenie Zadachi Koshi dlia Sistemy Dvukh 
Differentsial’nykh Uravnenii v Chastnykh Proiz- 
vodnykh s Dvumia Neizvestnymi Funktsiiami 
k Sisteme Integral’nykh Uravnenii. T. V. 
Chekmarev. MVO SSSR VUZ Izv. Matemat., 
No. 5, 1959, pp. 197-207. In Russian. 
Analysis covering the reduction of the Cauchy 
problem for a system of two partial differential 
equations with two unknown functions to a sys- 
tem of integral equations. 


Second-Order Non-Linear Difference Equa- 
tions Containing Small Parameters. H. C. 
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al Franklin Inst. J., Feb., 1960, pp. 97- 
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Matrix and Other Direct Methods for the Soly- 
tion of Systems of Linear Difference Equations, 
W. G. Bickley and J. McNamee. Royal Soc. 
(London) Philos. Trans., Ser. A, Jan. 21, 1960, pp. 
69-131. 36 refs. Study covering direct methods 
for the solution of systems of difference equations 
arising in the approximate solutions of linear par- 
tial differential equations. The methods are illus- 
trated, and other possible means of solution are in. 
dicated. 


Functions & Operators 


On Economic of Transcen- 
dental Functions. Y. L. Luke. J. Math. & 
Phys., Jan., 1960, pp. 279-294. 18 refs. Navy- 
supported development of general rational ap- 
proximations for a wide class of transcendents in- 
cluding the Laplace integral, two generalized 
hypergeometric series, a convergence problem, 
Whittaker functions and wave functions in a 
Coulomb field, a Bessel function, and Weber 
parabolic cylinder functions. 


Numerical Analysis 


Dimensional Analysis in 10 Steps. Dimitri 
Kececioglu. Prod. Eng., Feb. 1, 1960, pp. 54- 
57. Development of a step- by-step procedure 
to derive an empirical equation relating a large 
number of variables. Illustrative examples and 
areas of application are included. 


Remarks on Elliptic Boundary Value Prob- 
lems. Martin ee Commun. on Pure & 
Appl. Math., Nov., 1959, pp. 561-578. 16 
refs. Extension of the ous on general boundary 
value problems for elliptic partial differential 
operators to include boundary value problems 
which do not have unique solutions. Necessary 
and sufficient conditions for the solvability of 
such problems are derived. The generalized 
(weak and strong) solutions are discussed, and an 
eigenvalue theorem for strong solutions is proved 


Singular Differential Boundary Problems of a 
Fourier ype . McKelvey. USAF 
WADC TR 59-288, Apr. 30, 1959. 35 pp. 

Konstruktion der geschlossenen Form der 
Lésung einer Integro-Differentialgleichung mit 
konstanten Koeffizienten und periodischer rechter 
Seite. Oldifich Konitéek. Acta Technica, No. 
4, 1958, pp. 262-293. In German. Derivation 
of a solution, in closed form, for the linear inte- 
gral differential equation with constant co- 
efficients and periodic right-hand side. 


The Evaluation of Integrals of Products of 
Linear System Responses. I. Il—Continued- 
Fraction Methods. A. Talbot. Quart. J. Mech. 
& Appl. Math., Nov., 1959, pp. 488-520. 


Linear Transformations of a Functional Inte- 
gral. I. T. I. Seidman. Commun. on Pure & 
Math., Nov., 1959, pp. 611-621. _Presen- 
tation of a generalization of the work by Cameron 
and Martin on the transformations of Wiener 
integrals under a general class of linear trans- 
formations. 


Estimates Near the Boundary for Solutions of 
Elliptic Partial Differential Equations Satisfying 
General Boundary Conditions. I. S. Agmon, 
A. Douglis, and L. Nirenberg. Commun. on 
Pure & Appl. Math., Nov., 1959, pp. 623-727. 
39 refs. USAF-Army-supported study. 


Physical Applications 


Ekstremal’nye Trigonometricheskie Polinomy 
i ikh Prilozheniia. V. Voronovskaia. AN 
SSSR Dokl., Nov. 1, 1959, pp. 12-15. In 
Russian. Analysis covering the extremal trig- 
onometric polynomials and their application to 
the solution of certain Chebyshev problems. 

Approximation aperiodischer Ubergangscharak- 
teristiken. Vladimir Strejc. Acta Technica, 
No. 1, 1958, pp. 1-25. 16 refs. In German. 
Evaluation covering the approximation of aperi- 
odic transition characteristics of control systems. 
Previously developed methods are extended to 
second- and higher order approximations. 


On the Dirichlet Problem for the Reduced 
Wave Equation. Rolf Leis. NYU Inst. Math. 
Sci. Div. Electromagn. Res., Res. Rep. BR-30 
(AFOSR TN 59-945), June, 1959. 23 pp. 12 
refs. Presentation of an existence theorem for 
the exterior Dirichlet problem for the reduced 
wave equation. The theorem applies to piece- 
wise smooth surfaces. 


The Pooley, Distribution of the Vector 
Sum of » Unit Vectors with Arbitrary Phase 
Distributions. Petr Beckmann. Acta Tech- 
nica, No. 4, 1959, pp. 323-335. 11 refs. Analy- 
sis of the ‘problem encountered in the case of 
reflection of waves from rough surfaces, the fading 
of signals propagated far beyond the horizon 
through the troposphere, and the interference 
among oscillations with random phases. 


The Lagrange Configuration in Celestial 
Mechanics. J. E. Littlewood. London Math. 
Soc. Proc., 3rd Ser., Oct., 1959, pp. 525-543. 


Probability, Statistics 


A Solution of the Equations f, Statistical 
R. M. Lewis. NYU Inst. Math 


Mechanics. 
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|perations 
Research 
Scientists: 


Need time to develop 
your ideas? 


Most scientists engaged in operations research 
work seem to feel that they cannot do their most 
productive work when they are constantly 
fighting unrealistic deadlines. 


The operations research programs at System 
Development Corporation are carefully planned 
to provide ample time for the development of 
new ideas that apply to the development of large- 
scale, computer-based information-processing 
systems. 


The following are just a few examples of the 
areas in which Operations Research Scientists 
work at SDC: (1) simulation and operations 
gaming techniques in problems of control 
systems; (2) mathematical logic applied to 
universal computer languages; (3) medical data 
processing; (4) stochastic modeling of man- 
machine interactions; (5) logistics; (6) test 
design for operational computer programs. 


Operations Research positions are now open for 
scientists at several levels of experience. Please 
send your inquiry to Mr. E. A. Shaw, SDC, 
2421 Colorado Avenue, Santa Monica, Calif. 


“Application of Computer Simulation to 
Production System Design,” a paper by Allen 

J. Rowe, is available upon request. Send request 
to Mr. Rowe at SDC. 


SYSTEM DEVELOPMENT 
CORPORATION 


Santa Monica, California * Lodi, New Jersey 


QEI-It 
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Sci. Div. Electromagnetic Res., Res. Rep. HT- 
3 (AFOSR TN 59-1216), Nov., 1959. 21 pp. 
Solution of the initial value problem for Bogoliu- 
bov’s functional differential equation of non- 
equilibrium statistical mechanics. The solution 
is then expanded in an infinite power series of 
the density. 

of Vari E. Ode E. G. Olds. 
USAF WaADC 59-82 [AD Mar., 
1959. 47 pp. 15 refs. 


Topology 


A Lemma in the Theory of Structural Sta- 
bility of Differential Equations. Philip Hart- 
man. Johns Hopkins U. Dept. Math. TN 12 
(AFOSR TN _ 59-1106), Oct., 1959. 13 pp. 
Study of the linearization of a local homeomor- 
phism of an Euclidean space into another of the 
same dimension. 


Mechanics 


Ob Ustoichivosti Vrashcheniia Tverdogo Tela 
Peremennoi Massy Vokrug Nepodvizhnoi Tochki. 
M. Sh. Aminov. MVO SSSR VUZ Izv. Av. 
Tekh., No. 1, 1958, pp. 3-10. In Russian. De- 
termination of the stability of bodies of variable 
mass rotating about a fixed point. 


Pouiiti Distribuci v Teorii Linearnich 


Dynamickych Soustav. Vaclav Dolezal. Aplikace 
Matematiky, No. 6, 1959, pp. 405-440. In 
Czechoslovak, with summaries in English and 
Russian. Application of the theory of distribu- 
tions to the solution of linear dynamic systems, 
such as electric networks, mechanical systems, 
and systems of automatic control. The funda- 
mentals of the distribution theory are presented, 
and distributions for which a Laplace transform 
can be defined are noted in detail. The system 
of integro-differential equations with constant 
coefficients, whose right-hand side constitutes a 
distribution, is studied. The theoretical results 
are considered from the point of view of physical 
interpretations, and two illustrative examples are 
given. 


O Kolebaniiakh Maiatnika pri Nalichii Sukhogo 
Treniia. E. A. Barbashin and V. A. Tabueva. 
MVO SSSR VUZ Izv. Matemat., No. 5, 1959, 
pp. 48-57. In Russian. Derivation of equa- 
tions for the oscillation of a pendulum, taking into 
account dry friction and resistance of the medium 


Zur Deutung der Zeitphianomene in der relativis- 
tischen Mechanik. Joseph Himpan. VDI Zeit- 
schrift, Feb. 11, 1960, pp. 153-157. In German. 
Discussion of the time phenomena in the Lorentz 
transforms and their significance in relativity 
mechanics. The problem of the absolute space 
in classical mechanics and the basis for relativity 
mechanics are studied. 


Meteorology 


Probabilistic Dynamics. M. A. Woodbury. 
NYU Coll. Eng. Res. Div. Dept. Math. Rep. 
(AFCRC TR 59-247) [AD 216319], Apr. 30, 
1959. 7 pp. 


Atmospheric Structure & Physics 


Summary of Rawi de Measur ts of 
Temperatures, Pressure Heights, and Winds 
Above 50,000 Feet Along a Flight-Test Range in 
the Southwestern United States. T. J. Larson 
and H. P. Washington. U.S., NASA TN D- 192, 
Jan., 1960. 80 pp. 10 refs. 


The Spectra of Large-Scale Turbulent Trans- 
fer of Momentum and Heat. Wan-Cheng 
Chiu. NYU Coll. Eng. Res. Div. Dept. Meteorol- 
ogy & Oceanography Sci. Rep. 8 (AFCRC TN 
59-452), July, 1959. 24 pp. 11 refs. Study 
considering how the contributions to the trans- 
port of momentum and heat vary with the fre- 
quency of motion—i.e., the construction of spec- 
tra, and determination of how the spectra vary 
with height. 


A Case Study of the Tepetanee. E. G. Albert. 
NYU Coll. Eng. Res. Div. Dept. Meteorology & 
Oceanography Sci. Rep. 6 (AFCRC TN 59- 
435), July, 1959. 52 pp. 18 refs. Analysis of 
a warm homogeneous anticyclone showing that 
the generally accepted model of tropopause con- 
figuration away from the disturbing influences 
of fronts and jet streams is untenable. The 
tropopause is not found to be a smooth and con- 
tinuous surface of lapse rate discontinuity. A 
deep tropopause layer containing many such 
a some of small horizontal extent, is in- 

icate 


Frontal Passages Over the North Atlantic 
Ocean. G. C. Whiting. Mo. Weather Rev., 
Nov., 1959, pp. 409-416. 16 refs. Study of the 
stabilizing influence of the Gulf Stream by means 
of graphical and tabular data from historical 
weather maps. The stabilizing influence of the 
Gulf Stream is shown by the rapid modification 
of air temperature and by the rapid transition of 
frontal systems. The greatest frequency of fronts 
is found at the line of initial contact of cooler air 
with that associated with the Gulf Stream in the 
westernmost region of the ocean. 


The Development of Thermally Driven Circu- 
lations. B. Haurwitz. U. Col. HAO Sci. Rep. 


1 (AFCRC TN 59-628), Nov., 1959. 30 pp. 
Study of some simple models of atmospheric 
circulations. It is assumed that a temperature 
difference in the horizontal is established and 
maintained by some outside agency, such as 
differential solar heating. The resulting motion 
is studied with and without the effects of friction. 


Upper Air Research 


Planetary Astronomy from Satellite-Substitute 
Vehicles. IIJ—Program for Novel Observations 
from High Altitude Balloons. F. Zwicky. 
USAF MDC TN 59-38, Dec., 1959. 9 pp. 
10 refs. Discussion of ‘the following topics: 
(1) observations and experiments concerning the 
atmosphere above the maximum height of the 
balloon, as well as those dealing with the contents 
of extraterrestrial space; (2) observations and 
experiments concerning the physico-chemical 
properties of the strata through which the balloon 
flies; and (3) observations in the downward 
directions. 

Accurate Tracking for Radiotheodolites. Fred 
Ellis. Electronic Ind., Mar., 1960, pp. 118-120. 
Discussion of the functioning and performance 
characteristics of an antenna system of a weather 
sonde tracking radiotheodolite. 


A Note on the Effect of Radiation Errors on the 
Measurements of Temperature Inversions by 
Radio-Sonde. R. Frith. Meteorological Mag., 
Dec., 1959, pp. 328-331. 


Missile, Rocket, & Space Technology 


Aero Space. M. N. Golovine. Hawker Sid- 
deley Rev., Dec., 1959, pp. 91-93. Discussion 
of possible space missions and of possible con- 
figurations to be used for such exploration. 

Soviet Missiles. II—Solid Rockets. A. J. 
Zaehringer. Missile Des. & Devel., Feb., 1960, pp. 
26-28. Survey of types of solid propellant rock- 
ets, including ground-to-ground, ground-to-air, 
and air-to-air missiles 

Ferocious oe Lightweight with the Big 
Future. i Harvey. awker Siddeley 
Rev., Dec., 19! 59, pp. 96-99. Discussion of the 
development of the Gnat light fighter aircraft. 


Missile Roll-Call. IJnteravia, Feb., 1960, 
pp. 152-158. Survey covering some hundred 
missiles from the United States, Britain, France, 
Sweden, Italy, and Switzerland, subdivided into 
eight main categories reflecting their operational 
tasks. These include strategic and _ tactical 
surface-to-surface ballistic and air-breathing 
missiles, strategic and tactical air-to-surface 
weapons, close combat weapons, and surface- 
to-air and air-to-air weapons. 


Hydrogen for the Space Age. R. J. Coar 
and Ch. H. King, Jr. Astronautics, Mar., 1960, 
pp. 26, 27, 76- 38 Presentation of the virtues 
of the hydrogen- oxygen rocket. The payload 
advantages obtainable with hydrogen and the 
excellent combustibility of hydrogen are shown, 
and three basic types of systems for upper stages 
of vehicles are considered. 


Some Weight Considerations for Manned Lunar 
Missions. H. B. Schechter. ARS J., Feb., 
1960, pp. 195-197. Comparison of the effect 
which the use of various power plants has on 
starting weights required for three schemes of 
landing a manned payload on the moon. 


Principles of of Dynamically 
Models for Large Propellant Tanks. P. 

Sandorff. U.S., NASA TN D-99, Jan., i960. 
30 pp. 24 refs. Study of the similitude condi- 
tions existing between a full-scale propellant 
tank, such as would be used for a large rocket 
vehicle, and a dynamically similar, reduced scale 
model. Scaling laws are derived which permit 
the design of such a model for a large 40-ft.- 
diam. liquid oxygen J P-4 tank used as an example. 


What’s in a Missile? J. H. Stevens. Aero- 
nautics, Jan., 1960, pp. 16-21. Discussion of 
requirements for guided weapons, their control 
systems, and the associated support equipment. 


A Rocket Borne Video Telescope for Observ- 
ing Mars. D. H. Robey. Astronautica Acta, 
Fasc. 6, 1959, pp. 313-327. 10 refs. Study 
considering the problem of returning photographs 
of the Martian surface from space vehicles. An 
unsophisticated Cassegrainian telescope combined 
with a modified orthicon pickup tube is suggested. 
Such a system is described, and a discussion of 
video bandwidth and system resolution is in- 
cluded. 


How to Use Strain Gages for Missile Data 
Acquisition. Jerry Meyer. ISA .» Feb., 
1960, pp. 58-61. Survey of advances leading to 
a more effective use of strain gage transducers 
in missile instrumentation systems. System 
hardware, transducer capability, and new ad- 
vances in techniques are discussed as they concern 
strain gage transducer application. 


Target Selection by Air Defense Systems. 
Tech. News Bul., Jan., 1960, p.19. Consideration 
of some of the factors in target selection and in the 
development of selection rules to enable air de- 
fense missile systems to choose the best target 
from among all attackers in range. 


Billion Light Years Into Space. Astronautics, 


Mar., 1960, pp. 33, 86. Presentation of data on 
the performance of the 85-ft. radio telescope at 


152 Aero/Space Engineering + May 1960 


Green Bank, W. Va. The telescope has an 
accuracy allowing reception of radio emission in 
wavelengths ranging from 10 m. to 3 cm., and is 
capable of simultaneous reception of three fre- 
quencies. 


Counterweapon Systems vs the ICBM. y. 
Kriksunov. (Sovetskaia Avitiatsita, Apr. 25, 
1957.) Space/ Aeronautics, Mar., 1960, pp. 
154. Translation. Abridged. Brief analysis of 
some basic problems of ICBM _ interception. 
The extension of radar detection ranges and the 
design of anti-ICBM missiles are discussed. 

Askania Cine-Theodolite Accuracy Studies 
Conducted Under OD-039. J. L. Sibol. RCA 
Data Proc. TR 52 (AF MTC TR 59-21), Sept. 
11,1959. 30 pp. 


Ballistics, Re-Entry 


An Approximate Analytical Method for Study- 
ing Entry Into Planetary Atmospheres. Appen- 
dix A—Check on Approximations Made in 
Analysis. B—Matching Present Solu- 
tion to Keplerian Ellipse. Appendix C— 
Development of Some Approximate Solutions. 
Appendix D—Integration of Basic Nonlinear 
Equation. D. R. Chapman. U.S., NASA TR 
R-11, 1959. 44 pp. 17 refs. Supt. of Doc., 
Wash., $0.50. Reduction of the complete pair of 
motion equations for entry into a planetary 
atmosphere to a single, ordinary, nonlinear differ- 
ential equation of second order by introducing a 
certain mathematical transformation. A study is 
made of the decelerations, heating rates, and total 
heat absorbed for entry into the atmosphere of 
Venus, Earth, Mars, and Jupiter. 


A Class of Optimum Trajectory Problems in 
Gravitational Fields. W. Graham. (Douglas 
Rep. SM-23430, Feb., 1959.) J. Aero/Space 
Sct., Apr., 1960, pp. 296-303. 


On the Flight Path of a Hypervelocity Glider 
Boosted by Rockets. Angelo Miele. (Pur- 
due U. Sch. Aero. Eng. Rep. A-59-2, Jan., 1959.) 
Astronautica Acta, Fasc. 6, 1959, pp. 367-379. 
Army-supported investigation of the flight of a 
vehicle operating along a so-called equilibrium 
trajectory—i. e., a trajectory such that the weight 
is balanced by the lift plus the centrifugal 
force due to the curvature of the earth 


Hypervelocity Glider at Large Angles of In- 
clination. W.H.T. Loh. ARS J., Feb., 1960, 
pp. 201, 202. Presentation of some aerodynamic 
and performance results for a constant lift/ 
drag ratio at large but variable angles of inclina- 
tion. 


Guidance, Control, Stability 


The Interference of Control Magnitude on the 
Roll-Stabilized Axisymmetrical issile with 
Four Fins. Akira Azuma and Akira Watanabe. 
Japan Soc. Aero. & Space Sci. J., Dec., 1959, 
pp. 1-6. In Japanese. Analysis showing that 
the region in which a linear relation remains be- 
tween the requested control signal and the re- 
sultant control magnitude is limited to an octa- 
hedron fixed in an orthogonal Cartesian coordinate 
consisting of three control signals. If the re- 
quested control is larger than the region limited 
by the octahedron, the resulting control magni- 
tude is nonlinearly reduced. 

An Astro Vehicle Rendezvous—Guidance 
Concept. R. S. Swanson, N. V. Petersen, and 
L. R. Hoover. Western Av., Feb., 1960, pp. 
12-15, 31. Comparative description of a guid- 
ance system for rendezvous operation offering 
advantages over previous rendezvous guidance 
systems. 


Beam Riding: Principles of Radio Guidance 
Technique for Missiles. P. Cave. Wireless 
World, Feb., 1960, pp. 71-74. 


Optimumization of a Cello-Inertial Filter for 
Cc. J. Mundo, Jr. 

ARMA Enzg., 1959-Jan., 1960, pp. 10-15. 
Study of the of dynamic smoothing in 
coping with the accuracy problems that arise in 
the design of equipment for initiating a ballistic 
flight from the Earth to Mars. The nature of 
errors in the guidance equipment and the design 
of a filter which will optimally combine informa- 
tion from both the inertial sensor and the celestial 
navigator are discussed. 


Spacecraft 


Some Exact Solutions of the Equations of 
Motion of a Solar Sail ~~ ones ail Setting. 

S. London. 1960, pp. 198-20 
Presentation of some logarithmic spiral 
trajectories and conic sections, the latter being 
for the particular case of radial sail setting. 


Die 3.Kosmische Rakete der UdSSR (Lunik 
Ill). L.T. Kayserand D.E. Kélle. Raketentech. 
& Raumfahrtforsch., Jan.-Mar., 1960, pp. 23-25. 
In German. Description of ‘the third Soviet 
cosmic rocket, including the instrumentation and 
flight — as well as some data obtained by 
Lunik IIT 


neneanieds of the Capsule Pressure Vessel 

for Project Mercury. Fred Sanders. McDonnell 

Aircraft Corp. Eng. News, Jan., 1960. 4 pp. 

Presentation of the environmental aspects of each 

phase of the orbiting mission. The structural 

arrangement and the characteristics of the capsule 
(Continued on page 171) 
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These no-draft Alcoa Forgings for F-104 
save Lockheed 40 cents on the dollar 


DORSAL FORMER 


Precision forged by Alcoa to finished 
dimensions—with zero draft. 


AIRSCOOP FITTINGS 


Alcoa no-draft forgings with contours 
forged to various angles. 


Take a close look at the Dorsal 
Former at left. Notice the thin, 
upstanding ribs. Alcoa forged this 
part to finished dimensions, with 
no inside taper to machine off. 

Alcoa supplies Lockheed with 
many close-tolerance, untapered 
rib forgings. The Airscoop Fittings 
are sophisticated examples. In all, 
the F-104 carries 60 no-draft forg- 
ings. Lockheed estimates the 
average saving over conventional 
machined parts comes to 40 cents 
on the dollar. 

Let us show you what we can 
do with aluminum in any form— 
plate, casting, forging, extrusion, 
impact. Call any Alcoa sales office, 
or write Aluminum Company of 
America, 2025-E Alcoa Building, 
Pittsburgh 19, Pa. 


WINDSHIELD FRAME 


Wemention the Windshield Frameabove 
to point out our capabilities in other di- 
rections. This part measures 38 x 30 x6 in. 
Wall thickness is 0.110 in. for 80 per 
cent of the casting area. This requires 
several sand and plaster cores which 
have to assemble and hold dimensions 
within +0.03 in. across the joints. Cast- 
ing must conform to fuselage contour 
within 0.015 in. To top it off, defects 
considerably smaller than a pinhead 
are cause for rejection. 


ALCOA ©. _ 
ALUMINUM 


For exciting drama watch “Alcoa Presents’ every Tuesday, 
ABC-TV, and “Alcoa Theatre” alternate Mondays, NBC-TV 


Your Guide 
to the Best 
in Aluminum 
Value 


4 


LOCKHEED’S F-104 STARFIGHTER 


‘Winner of the Collier Trophy for 1959. Currently holds world’s altitude record of 103,395 feet and all eight time- 
to-climb records. First airplane ever to hold world’s altitude, speed and time-to-climb records simultaneously. 
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Out of today’s space research 
come unexpected by-products 
— perhaps even space travel for 
the average citizen... 


When only explorers dared cross 
darkest Africa, few foresaw it as 
a future vacationland. Outer 
Space now stands in a similar 
position. 

What will Lunar vacations 
cost? When rocket development 
is written off and we have nu- 
clear power, a traveler may go 
for about the present price ofa 
tiger hunt or African safari! 


At Douglas Aircraft, builder 
of the big DC-8 jets, practical 
steps to bring this about began 
14 years ago when Douglas engi- 
neers designed and engineered a 
feasible space platform. Today, 
with more than 20,000 rockets 
under its belt—including the 
Nike series and Thor, reliable 
Space Age workhorse— Douglas 
is deep in a series of space age 
studies: the moon as a military 
base... compact space huts... 
how will man react to the space 
environment ... what useable 
natural resources to expect... 
and, always, more efficient rock- 
ets for military, scientific, and 
peaceful needs. 


The Douglas concept of a complele 
support system has resulted in space 
research ranging from nuclear rockets 
to nutrition for space travelers 


DOUGLAS 


MISSILE AND SPACE SYSTEMS ® 
MILITARY AIRCRAFTe¢DC-8 JETLINERS® 
TRANSPORT AIRCRAFT @ AIRCOMB®®? 
GROUND SUPPORT EQUIPMENT 
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IN T E R 


NATIONAL 


AERONAUTICAL ABSTRACTS |. 
A Review of Worldwide Scientific and Technical Literature 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


States Air Force. 


The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 


Volume 5, Number 5 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


RADIATION FROM HOT AIR AND STAGNA- 
TION HEATING. Bennett Kivel. Avco Everett 
Res. Lab. RR 79 (AFBMD TR 59-20), Oct., 1959. 
27 pp. 16 refs. Investigation of the radiation 
heating of the stagnation region for flight speeds 
up to 50,000 ft./sec., using experimental shock 
tube data supplemented by theoretical estimates. 
Nonequilibrium effects which modify the radiation 
predictions at high altitudes ( = 30 miles) are 
pointed out. The radiation is compared with the 
aerodynamic heating and is found to be important 
at high velocities (2 30,000 ft./sec.) and low al- 
titudes (< 25 miles). For this flight regime, the 
dominant radiation results from the capture of e- 
lectrons by nitrogen. 


EXPERIMENTAL ABLATION RATES IN A 
TURBULENT BOUNDARY LAYER. M. R. Den- 
ison and E, P, Bartlett. Ford Motor Aeronutronic 


Div. Pub. U-702, Nov. 1, 1959. 40 pp. 12 refs. 
USAF -sponsored experimental results verifying 

an analysis of turbulent ablation rates previously 
developed. The highlights of the analysis are also 
reviewed. A blowdown system is employed using 
a mixture of oxygen and nitrogen as the working 
gas. The use of a high percentage of oxygen en- 
abled the simulation of re-entry ablation condi- 
tions, Ablation rates are predicted within 30% 
with no adjustment of empirical constants derived 
from incompressible turbulent skin friction ex- 
periments. The predictions are consistently high. 
The temperature of the reacting surface, deter- 
mined by means of a radiamatic pyrometer, is 
predicted within 10%. The analysis can be applied 
to a wide variety of ablation materials, including 
those which go through a liquid phase, provided 
proper account is taken of the chemistry and pro- 
vided the simplifying assumptions are valid. 


Aerothermodynamics 


CHARTS FOR DETERMINING SKIN-FRICTION 
COEFFICIENTS ON SMOOTH AND ON ROUGH 


(65) 


May, 1960 


FLAT PLATES AT MACH NUMBERS UP TO 5.0 
WITH AND WITHOUT HEAT TRANSFER. D. W. 
Clutter. Douglas Rep. ES-29074, Apr. 15, 1959. 
106 pp. 13 refs. Presentation of skin-friction 
charts and formulas giving the local and total skin- 
friction coefficients for smooth and for rough flat 
plates at any location of transition and for various 
uniform wall temperatures for speeds up through 
the supersonic regime. Relations for determining 
heat transfer are presented. Factors for convert- 
ing the skin-friction and heat-transfer relations 
for a flat plate into relations for wedges, cones, 
and cylinders are also given. The equivalent sand 
roughness for various physical surfaces that are 
used in practice is discussed. 


GENERALIZED HEAT TRANSFER FORMULAE 
AND GRAPHS. R. W. Detra andH. Hidalgo. Avco 
Everett Res. Lab. RR72, Mar., 1960. 17 pp. USAF- 
supported development of some generalized formu 
las for calculating heat transfer, using results of 
previously reported investigations of laminar, 
turbulent, and radiative heat transfer in dissoci- 
ated air. Graphs for determining the laminar heat 
transfer, momentum thickness Reynolds number, 
and turbulent heat transfer distributions around an 
axisymmetric body are also given. These heat 
transfer correlations are valid for velocities be- 
tween 6,000 ft. per sec. and 26,000 ft. per sec. 
and for altitudes up to 250,000 ft. Finally, the 
generalized results are specialized for ICBM re- 
entry applications. 


INTEGRAL LAMINAR BOUNDARY LAYER SO- 
LUTIONS USING THE CROCCO VARIABLES. 
C. J. Scott. U. Minn. Inst. Tech. RAL Eng. 
Memo. 86 (AFOSR TN 59-1304), Aug., 1959. 19 pp 


18 refs. Analysis predicting the skin friction 

and surface heat-transfer characteristics of a 
compressible laminar boundary layer. The pres- 
ent formulation is restricted to constant specific 
heat and Prandtl number and a linear variation of 
fluid viscosity with temperature. For theinjection 
cases considered, the coolant gas is assumed to 
be identical to the main stream fluid. Numerical 
examples are presented for constant pressure, 
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impermeable and permeable surfaces, with up- 
stream and downstream transition cooling and strip 
injection. Surface temperature distributions are 
presented for the case of constant surface injection 
with uniform reservoir temperature. 


LAMINAR, TRANSITIONAL AND TURBULENT 
MASS TRANSFER COOLING EXPERIMENTS AT 
MACH NUMBERS FROM3TO5. C.j J. Scott, 

G. E, Anderson, and D. R. Elgin. U. Minn. Inst. 
Tech. RAL Res. Rep. 162 (AFOSR TN 59-1305), 
Aug., 1959. 28 pp. 20 refs. Summarized presen 
tation of experimental research on porous-wall 
mass transfer cooling effects. Two coolants, air 
and helium, were included in all investigations. 
Flat plates and cones were used to study the lami- 
nar, transition, and turbulent boundary layers on 
constant pressure surfaces; and a porous hemi- 
sphere was used to examine the effect of nonuni- 
form surface pressure. The experimental results 
covering relatively low temperatures and low 
speeds confirm analytical boundary-layer predic- 
tions on the relative effectiveness of the two gases 
in reducing heat transfer, although quantitative 
agreement does not exist. Transition Reynolds 
number decreases due to injection could be over- 
come by the cooling made possible by the injection 
process. Both laminar and turbulent boundary 
layers could be "blown off" the bodies by excessive 
coolant injection. 


Boundary Layer 


THE STABILITY OF FREE BOUNDARY LAY- 
ERS BETWEEN TWO UNIFORM STREAMS, T. 
Tatsumi and K. Gotoh. J. Fluid Mech., Mar., 
1960, pp. 433-441. Study of the general aspects of 
hydrodynamic stability of free boundary-layer 
flows. It is found that the situations at low Reyn- 
olds numbers are universal for all velocity pro- 
files of free boundary layer type. Curves of con- 
stant amplification are calculated, and a method 
of normalizing the velocity profiles is suggested. 
Existing results for the stability of various pro- 
files at large Reynolds numbers are discussed 
from a new point of view. 


A CALCULATION OF DISTRIBUTED SUCTION 
REQUIRED TO CONTROL LAMINAR BOUNDARY 
LAYER. Shigenori Ando. (JapanSoc. Aero. & Space 
Sci. Meeting, Oct. 20, 1958.) Japan Soc. Aero. & 
Space Sci. Trans., No. 3, 1959, pp. 64-71. 10 
refs. Extension of Tani's approximate treatment 
of the laminar boundary layer to calculate the suc- 
tion mass flow which controls an incompressible 
or compressible boundary layer over an insulated 
wall with arbitrary pressure gradient. For high- 
speed air intakes, it is suggested that the pressure 
rise resulting from diffusion action enables the 
boundary layer to be controlled with spillage-suc- 
tion through the perforated wall without additional 
power. 


EXPLORATIONS DE LA COUCHE LIMITE, 
EN TURBULENCE NATURELLE ET EN TURBU- 
LENCE PROVOQUEE, DANS LE CAS DUN E- 
COULEMENT SUPERSONIQUE LE LONG D'UNE 
PLAQUE PLANE, Jean-Frangois Dorand. France 
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Min. de l'Air PST 355, 1959. 106 pp. 46 refs, 
SDIT, 2 Av. Porte-d'Issy, Paris 15, Frs. 2,830, 
In French. Thermal and dynamic measurements 
of the boundary layer on a flat plate in supersonic 
flow at a Mach number of 1.85, for the case of 
natural transition and that of transition induced by 
a transverse strip attached to the plate andnorma] 
to the flow. The detailed study of the transition 
zone over the plane plate shows a separation of 
the boundary layer observed even in the absence 
of any positive longitudinal pressure gradient. The | 
separation occurs in the laminar region, the thick. 
ness of the "separated" fluid being maximum at 
the onset of transition; the fully developed turbu- 
lence in the boundary layer is followed by flow re- 
attachment. Experimental results also show the 
zone of thermal transition to be larger than that 
of dynamic transition, and it is found that in the 
common transition zone the geometric thickness 
of the thermal boundary layer is larger than that 
of the dynamic layer. 


BOUNDARY-LAYER TRANSITION INDUCED 
BY A VIBRATING RIBBON ON A FLAT PLATE, 
F, R. Hama. U. Md. Inst. Fluid Dynamics & 
Appl. Math. TN BN-195 (AFOSR TN 60-290), Feb., 
1960. 32 pp. 18 refs. Investigation of flow pat- 
terns associated with boundary-layer transition 
by means of visual observation of the flow of dye 
in a water tank. When amplified, the perturbation 
wave rolls up to form discrete vortices in the re- 
gion near the critical layer. Transition never 
takes place before the discrete vortices are formed, 
The initially straight discrete vortices deform 
into three-dimensional vortex loops by picking up 
pre-existing disturbances and amplifying their ef- 
fects. The vortex loop is continuously stretched 
and deformed due to the velocity gradient in the 
boundary layer and probably due to the induction 
effect of the curved vortex. Mechanism of the 
final breakdown into turbulence seems to be a 
chain reaction of successive production of smaller 
vortex loops on the legs of the initial vortex loop. 


SWEEPBACK EFFECTS IN TURBULENT 
BOUNDARY-LAYER SHOCK-WAVE INTERAC- 
TION. R. J. Stalker. J. Aero/Space Sci., May, 
1960, pp. 348-356. 16 refs. Presentation of test 
results showing that the peak pressure rise at 
separation, the upstream influence ahead of sepa- 
ration, and the pressure rise at reattachment for 
moderate sweep angles can all be understood by 
simple extensions of available two-dimensional 
theories. For the peak pressure rise, a disconti- 
nuity analysis due to Crocco and Probstein is used 
The upstream influence is treated by Lighthill's 
small perturbations theory, and the reattachment 
flows by the Chapman-Korst theory. 


APPROXIMATE CALCULATION OF THREE 
DIMENSIONAL LAMINAR BOUNDARY LAYERS. 
J. C. Cooke. Gt. Brit., RAE TN Aero. 2658, 
Oct., 1959. 41 pp. 12 refs. Comparison of three 
different approximate methods cf solving three- } 
dimensional boundary layer equations with anexact | 
solution by Hansen and Herzig. The methods are 
those of Eichelbrenner and Oudart, Zaat, anda 
modification of Zaat's method. The latter method 
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: 


is recommended as the one for general use, pro- 
vided that the crossflow in the boundary layer is 


not large. The method is tested on two allied 
problems whose exact solution is know, and fair 
agreement is obtained. Finally, the three methods 
are used to find the angle between streamlines and 
limiting streamlines for the flow over a slender 
delta wing, and to determine the point of separa- 
tion. 


Flow of Fluids 


A RAPIDLY CONVERGENT PROCEDURE FOR 
SOLVING THE EQUATIONS OF SUBSONIC PO- 
TENTIAL FLOW. I - NUMERICAL SOLUTIONS. 

Il - ANALYTIC SOLUTIONS. A. B. Tayler. Royal 
Soc. (London) Proc., Ser. A, Mar. 22, 1960, pp. 
101-123. 14 refs. Transformation of the subsonic 
potential equations for a perfect gas to obtain a 
family of first-approximation solutions in terms 

of the incompressible solution. The equations are 
then transformed into the plane of the incompressi- 
ble velocity potential and stream function and the 
first-approximation results substituted in the non- 
linear terms. The resulting second-approxima- 
tion equations can then be solved by a relaxation 
method and the error in this approximation esti- 
mated by carrying out the third-approximation 
solution. Results are given for a circular cylinder 
at a free-stream Mach number of 0.4 and a sphere 
at a Mach number of 0.5. The error in the velocity 
distribution is shown to be less than +1% in the 
two-dimensional case. In addition, an analytic 
solution to the second-approximation equations is 
obtained, valid for all two-dimensional bodies for 
which the conformal transformation of their cross 
section into a circle is known. Results are ob- 
tained for a circular cylinder and compared with 
those obtained numerically. The two sets of re- 
sults are not significantly different. 


EXPERIMENTS ON AXI-SYMMETRIC BOUND- 
ARY LAYERS ALONG A LONG CYLINDER IN IN- 
COMPRESSIBLE FLOW. Michiru Yasuhara. 
(Japan Soc. Aero. & Space Sci. Annual Meeting, 
Apr. ll, 1958.) Japan Soc. Aero. & Space Sci. 
Trans., No. 3, 1959, pp. 72-76. Investigation to 
determine the effect of transverse curvature on 
the velocity profile. Laminar velocity profiles 
are measured and compared with good results to 
the values calculated by Probstein and Elliott. The 
transition of the flow from laminar to turbulent is 
observed, and its Reynolds number is estimated to 
occur atl,2, ~ The turbulent profile 
is also measured and plotted by using the coordinates 
to express the law of the wall deduced by Richmond 
From this profile, it is estimatedthat, as the ratio 
of the momentum thickness to body radius increas- 
es, the profile near the outer layer tends to bend 
down relative to the line of the logarithmic law of 
the wall. 


AN APPROXIMATE SOLUTION OF THE DI- 
RECT SUPERSONIC BLUNT-BODY PROBLEM 
FOR ARBITRARY AXISYMMETRIC SHAPES, 

S.C. Traugott. J. Aero/Space Sci., May, 1960, 
pp. 361-370, 23 refs. Development, to the first 
approximation, of Belotserkovskii's integral meth- 
od for arbitrary blunt axisymmetric bodies in su- 


(67) 


personic or hypersonic flight. The method gives 
the surface-pressure distribution and shock shape 
for a prescribed body. Results obtained by nu- 
merical integration for several body shapes at 
several Mach numbers are compared to experi- 
mental results with good agreement. It is also 
shown that the method can be successfully applied 
to pointed bodies with attached shock. In the stag- 
nation region, simple relationships are foundfrom 
the equations of the first approximation which con- 
nect the surface-velocity gradient, shock curva- 
ture, shock-detachment distance, and body curva- 
ture. These relations are also correlated with 
experiment for a variety of shapes as a function of 
Mach number. The correlations permit a rapid 
estimate of the stagnation-point velocity gradient, 
important for heat-transfer calculations, for any 
blunt body from the shock standoff distance. 


. 


APPROXIMATE ANALYTICAL SOLUTIONS 
FOR HYPERSONIC FLOW OVER SLENDER 
POWER LAW BODIES. Appendix A, B - DERIVA- 
TIVES OF DEPENDENT VARIABLES AT » =1., 
Appendix C - BOUNDARY CONDITIONS AT » =1 
FOR FIRST-ORDER PROBLEM. Appendix D - 
ASYMPTOTIC SOLUTIONS OF FIRST-ORDER E- 
QUATIONS. Harold Mirels. US, NASA TR R-15, 
1959. 24 pp. 12 refs. Supt. of Doc., Wash., 
$0.40. Presentation of a method for obtaining the 
zeroth-order and first-order solutions of hypersonic 
flow over slender blunt-nosed bodies. Wedge, 
cone, and constant-energy flows are included as 
special cases. The approximate solutions are 
compared with numerical integrations of the zeroth- 
and first-order problems. The agreement is gen- 
erally good, particularly for a shock shape param- 
eter near zero and the ratio of specific heats + 
near one. The shock is relatively close to the 
bodies for the latter cases. The general charac- 
teristics of flow fields associated with power law 
shocks are also discussed. 


UNSTEADY AIRLOADS ON POINTED AIRFOILS 
AND SLENDER BODIES AT HIGH MACH NUM- 
BERS. Appendix - UNSTEADY NEWTONIAN THE- 
ORY. Garabed Zartarian. USAF WADC TR 
59-583, Dec., 1959. 99 pp. 61 refs. Develop- 
ment of two approximate methods for determining 
the airloads, utilizing the piston analogy derived 
from hypersonic small-disturbance theory. The 
first is an extension of the shock-expansion tech- 
nique which is applicable for airfoils and certain 
classes of bodies when the hypersonic similarity 
parameter is sufficiently large. The second 
is a variational approach, formulated primarily 
for bodies at moderate values of M,, 7 . For the 
variational approach, the cases are confined to 
those of steady flow, but the necessary steps to 
cover unsteady flows are indicated. Finally, pos- 
sible extensions for bodies with more complicated 
cross-sectional shapes and for wing-body combina- 
tions are discussed. Some comments are offered 
concerning inclusion of real gas effects and the 
estimation of the airloads in the free-molecule 
flow regime. 


THE EFFECT OF A CENTRAL JET ON THE 
BASE PRESSURE OF A CYLINDRICAL AFTER- 
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BODY IN A SUPERSONIC STREAM. J. Reid and 
R. C. Hastings. Gt. Brit., RAE Rep. Aero. 2621, 
Dec., 1959. 5l pp. Investigation conducted at a 
free stream Mach number of 2.0 with a boundary 
layer turbulent both on the afterhody and in the 
nozzle. Measurements are made of the base pres- 
sure, the surface pressure distribution inside the 
nozzle, the overall thrust, and the nozzle mass 
flow, over a range of jet pressures. The program 
is supplemented by comparative tests with the jet 
exhausting into still air (static tests). The results 
of the tests with external flow are presented in the 
form of curves showing the separate effects of jet 
pressure ratio, jet/base diameter ratio, nozzle 
design Mach number, and nozzle divergence angle 
on the base pressure and overall thrust. Thecase 
of base bleed is discussed separately. In addition, 
a general method of correlating data on annular 
base pressures is proposed and discussed. 


TWO-DIMENSIONAL FLOW OF AN IDEAL GAS 
WITH SMALL ELECTRIC CONDUCTIVITY PAST 
A THIN PROFILE. Takeo Sakurai. Phys. Soc. 
Japan J., Feb., 1960, pp. 326-333. Application of a 
thin wing expansion technique to linearize the basic 
equations of acompressible ideal gas with electri- 
cal conductivity. The linearized equation is solved 
for the case of flow past a symmetric profile using 
an approximate method similar to that of Oseen, 
and the first-order effects of the conductivity and 
of the angle of inclination are examined. The sub- 
sonic as well asthe supersonic cases are consid- 
ered, and the lift and the drag due to the magnetic 
field are obtained. In the subsonic case, the lift 
vanishes while the drag is positive for any profile. 
In the supersonic case, the lift is found to be nega- 
tively proportional to the angle of inclination, while 
the drag is not affected by the presence of the 
magnetic field. 


ON THE FLOW OF A VISCOUS ELECTRICAL- 
LY CONDUCTING FLUID. H. P. Greenspan. 
Avco Everett Res. Lab. RR 73 (AFOSR TN 59- 
1221), Oct., 1959. 32 pp. Presentation of a num- 
ber of explicit solutions for the flow past a semi- 
infinite plate which is either sucking or injecting 
a conducting fluid into the main stream. The sub- 
Alfvén flow past a long, finite, impermeable plate 
is studied in some detail and the magnitude of the 
viscous wake is compared to the similar type up- 
stream disturbance produced by the forward prop- 
agation of Alfvén waves. In the case of infinite 
conductivity, it is found that the upstream disturb- 
ance is approximately one plate lengthlong, meas- 
ured from the leading edge. 


FLOW OF A VISCOUS, ELECTRICALLY CON- 
DUCTING FLUID ALONG A CIRCULAR CYLINDER 
OR A FLAT PLATE WITH UNIFORM SUCTION, 
Michiru Yasuhara. Phys. Soc. Japan J., Feb., 
1960, pp. 321-325. Analysis indicating that if the 
Alfvén wave velocity is smaller than the suction 
velocity, a physically possible solution is obtained 
under a given boundary condition, and that the ap- 
plied magnetic field has a decelerating effect on 
the flow, as expected from the general prop- 
erty of magnetic force. As a result of this prop- 
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erty, the coefficient of skin friction is reduced 
and that of Maxwell's stress is increased, while 
the total drag remains unchanged. Further, the 
solution reduces to that of the asymptotic suction 
flow of a nonconducting fluid when the magnetic 
field tends to zero. 


MAGNETOHYDRODYNAMIC EFFECTS ON THE 
FORMATION OF COUETTE FLOW, N. L. Tao. 
J. Aero/Space Sci., May, 1960, pp. 334-338. 
Analysis concerning the formation of Couette flow 

- i.e., the problem of how the velocity profile 
varies with the time tending asymptotically to that 
of the steady flow of an electrically conducting 
viscous fluid in the presence of a magnetic field. 
The governing equations and boundary conditions 
are established and discussed. The cases of both 
vanishing and nonvanishing mean induced electric 
field strengths are solved in terms of complimen- 
tary error functions, as well as some elementary 
functions. It is shown that the solutions are re- 
ducible to that of the steady case as the time ap- 
proaches infinity, and to that of the nonmagnetic 
field as the Hartmann number becomes zero. 
Some numerical calculations are given. The re- 
sults indicate that, in the presence of a magnetic 
field, the flow rate is reduced depending on the 
magnitude of the Hartmann number, and that the 
magnetic field "assists" the flow to reach its steady 
condition. 


MAGNETOGASDYNAMIC ACCELERATION OF 
FLOWING GASES AND APPLICATIONS. Appen- 
dix A - PROPOSED MAGNETOGASDYNAMIC SYS- 
TEMS (ORBITAL RAMJET AND ORBITAL WIND 
TUNNEL). Appendix B - SIMILARITY RULES 
FOR SCALING GASEOUS DISCHARGES, Appen- 
dix C - A NOVEL SYSTEM FOR SPACE FLIGHT 
USING A PROPULSIVE FLUID ACCUMULATOR. 
Appendix D - FUNDAMENTAL DIFFERENCES 
BETWEEN ELECTRICAL PROPULSION AND 
CHEMICAL PROPULSION. Appendix E - POWER 
REQUIREMENTS AND ECONOMIC ADVANTAGES 
OF PROFAC SYSTEM. S. T. Demetriades. 
Northrop ND Rep. NB-59-153, Mar. 23, 1959. 
178 pp. 83 refs. Development of a theory for 
steady, inviscid, one-dimensional flow of a perfect 
conducting gas in magnetic and electric fields. It 
is concluded that external electric and magnetic 
fields can accelerate a gas of high conductivity 
(0.1 to 100 mhos/cm.) flowing along the x-axis to 
several times its initial velocity with moderate 
field strengths (1,000 gauss and 10 volts/cm.). 
The properties of gases in magnetogasdynamic 
flows are discussed with the emphasis on conduc- 
tivity. Several successful methods are described 
for increasing the conductivity of air flows to the 
range where useful acceleration can be accomplisl 
ed. Some possibilities are mentioned on the fea- 
sibility of a magnetogasdynamic orbital ram-jet 
and a magnetogasdynamic low-density hypersonic 
wind tunnel. 


TRANSPORT PHENOMENA OF A RAREFIED 
AND FULLY IONIZED GAS IN THE PRESENCE OF 
A STRONG MAGNETIC FIELD. II. Toyoki Koga. 
USCEC Rep. 56-210 (AFOSR TN 60-103), Feb. 12, 
1960. 18 pp. Presentation of a generalization for 
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a previously developed theory on the diffusion of a 
fully ionized gas. The significant moments or macro- 
scopic variables are defined in general and the 
results are given in terms of these moments. Also 
considered are the effects of drifts of particles 
caused by the spatial inhomogeneity of a magnetic 
field and/or by an electrostatic field accompanying 
a uniform magnetic field, 


MAGNETOHYDRODYNAMIC SHOCK WAVE IN 
A COLLISION-FREE PLASMA, F. J. Fishman, 
A. R. Kantrowitz, and H. E. Petschek. Avco 
Everett Res. Lab. RR 85, Jan., 1960. 26 pp. 
Navy-supported research attempting to identify the 
dissipative mechanisms operative in a shock wave 
with randomized magnetohydrodynamic waves of 
large amplitude. The entropy production process 
is the scattering of waves on waves. The typical 
"wave mean free path" is comparable to an ion 
Larmor radius inside a shock front. The short 
mean free path for this scattering process implies 
that continuum magnetohydrodynamics can be ap- 
plied in many cases, even when the interparticle 
mean free path is quite large. Both the shock 
thickness and its dependence on the Alfvén Mach 
number obtained in this manner are in agreement 
with MAST shock-tube experiments. 


PLASMA PROPULSION BY A RAPIDLY VARY- 
ING MAGNETIC FIELD. M. M. Klein and K, A. 
Brueckner. G-E MSVD AL TIS R59SD453, Dec. 2, 
1959. 48 pp. USAF-sponsored investigation of 
the motion of a plasma driven by a rapidly varying 
magnetic field from a stationary coil. The analysis 
is made for two cases: (a) the plasma is assumed 
completely diamagnetic so that the ionization his- 
tory of the plasma may be ignored, and (b) the 
nondiamagnetic case where the ionization process 
is considered in detail. For the diamagnetic case, 
the analysis yields a coupled set of nonlinear ordi- 
nary differential equations which are put in simi- 
larity form and solved for a wide range. of the simi- 
larity parameters. An illustrative example is 
given to show how to use the results to obtain de- 
tailed information for a given physical system. 
Calculations indicate that, for field frequencies of 
about one mc., velocities of the order of 10%cm. / 
sec. may be attained, but the efficiency of conver- 
sion of stored energy into kinetic energy is rather 
low (about 5% - 10%) and cannot be varied by possi- 
ble changes in the physical and geometrical param- 
eters of the system. A typical example for the 
nondiamagnetic case is worked out to indicate the 
major differences to be expected. 


Internal Flow 


ELEMENTS OF CASCADE FLOW. H. H. 
Schlichting. (Rhode -Saint-Genése, Belgium, Lec- 
ture, Mar. 6, 1959.) TCEA TM 4, 1959. 27 pp. 
Survey of problems of cascade flow, outlining the 
basic concepts of research. For the two-dimen- 
sional, incompressible, inviscid flow the theory 
is considered to have reached a rather complete 
state. It is now possible to calculate the pressure 
distribution in this case for an arbitrary geometry 
of the cascade. The viscous, incompressible 
case has also been worked out, giving theoretical 
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values of loss coefficients. The compressibility 
effects for high subsonic Mach numbers have been 
examined; and the Prandtl-Glauert rule for calcu- 
lating these effects is applied to cascades. The 
absence of a real theory due to the complexity of 
the three-dimensional cascade flow, which is gov- 
erned by secondary flow effects due to the influ- 
ence of the walls at the foot and the tip of the blade, 
is pointed out. The need for extensive systematic 
experimental investigations is stressed. 


EFFECT OF PROFILE AND LENGTH ON THE 
EFFICIENCY OF PUMP DIFFUSERS. F. D. 
Henderson. Gt. Brit., RPE TN 181, Sept., 1959. 
3l pp. Presentation of test results to determine 
the form of diffuser combining the shortest axial 
length with the highest possible efficiency for use 
in rockets engine pumps. The most efficient dif- 
fuser, regardless of restrictions on axial length, 
is of right circular conical form having an included 
angle of about 10°, Restrictions on length are best 
met by cropping at the outlet, leaving a sharp edge 
and a sudden enlargement into the delivery pipe. 
The axial length may be reduced to half the nomi- 
nal with a loss of only 4% in efficiency. 


UNTERSUCHUNGEN AN EINEM UBERSCHALL- 
EINLASSDIFFUSOR MIT STABILISIERENDEM 
RING. Eduard Séffker. (WGL Jahrestagung, 
Hamburg, Oct. 16, 1959.) ZFW, Feb., 1960, pp. 
33-44. In German. Description of the flow proc- 
esses in a diffuser with a stabilizing ring, and 
discussion of the latest comparative measurements 
on conical diffusors with and without the ring. The 
tests, performed at a free stream Mach number 
of 1.83, comprise the measurement of the pressure 
distribution in the cross section of the diffuser 
exit and the evaluation of the external drag. The 
mean value of the ratio of total pressures in the 
diffuser fitted with the ring amounted to about 95% 
within the whole stabilized region, whereas it 
reached 92% at the critical point for the conical 
diffuser. 


A TWO-DIMENSIONAL THEORY OF THE OB- 
LIQUE SHOCK INTAKE BASED ON THE HODO- 
GRAPH METHOD. L. F. Henderson. Australia, 
ARL Mech. Eng. Rep. 90, Mar., 1959. 54 pp. 
Presentation of a two-dimensional theory giving 
more information than the corresponding one-di- 
mensional theory and providing a sounder basis 
for design and performance studies. This method 
is an extension of Guderley's two-dimensional 
theory based upon the assumption of potential flow, 
which is applicable only if the shock waves are 
very weak, such as may occur in transonic flow. 
This case is considered first and then followed bya 
discussion of the effect of entropy gradients. Fi- 
nally, the results of the hodograph method are 
used to construct a two-dimensional theory for the 
oblique shock intake. 


A THEORETICAL STUDY OF ANNULAR SU- 
PERSONIC NOZZLES. Appendix - THE FLOW 
NEAR THE CYLINDER. W. T. Lord. Gt. Brit., 
RAE Rep. Aero. 2627, Oct., 1959. 45 pp. 38 refs, 
Development of design methods for annular su- 
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personic nozzles to produce uniform flow in su- 
personic wind tunnels which are axisymmetrical 
and which have an internal coaxial circular cylin- 
der throughout. Proposals are made for design 
criteria sufficient to ensure that the flow inside a 
nozzle is free from limit lines and shock waves; 
the criteria for (symmetrical) two-dimensional 
and (conventional) axisymmetrical nozzles are 
new. One of the design procedures is mainly ana- 
lytical and the other is mainly numerical; the ana- 
lytical expressions in both procedures are made 
much more complicated by the presence of the 
internal cylinder but the numerical process (the 
method of characteristics) is not. The design 
criteria and the mainly numerical design proce- 
dure are successfully applied to the design of a 
particular annular nozzle. 


HIGH SPEED FLOW IN A LAVAL NOZZLE. 
Akira Ogawa. (Japan Soc. Aero. & Space Sci. 
Kansai Branch Meeting, Dec. 10, 1958.) Japan 
Soc. Aero. & Space Sci. Trans., No. 3, 1959, pp. 
77-82. Study of the nozzle flow given by an exact 
solution of the Tomotika-Tamada equation in the 
hodograph method. Several streamlines in the sub- 
sonic and transonic region in the physical flow are 
computed, each of which may be taken as the wall 
of the nozzle for design purposes. Flow conditions 
on the sonic line, as well as on the limiting Mach 
wave, are also calculated. These may serve asthe 
starting data for further calculation of the purely 
supersonic flow-by the method of characteristics. 
In addition, occurrence of limit lines is discussed 
in an analytic solution of the nozzle flow. 


TEOREMA SUSHCHESTVOVANIIA SLABOGO 
RESHENIIA PRIAMOI ZADACHI TEORII PLOSKO- 
PARALLEL'NOGO SOPLA LAVALIA V PERVOM 
PRIBLIZHENII. F. I. Frankl'. MVOSSSR VUZ 
Izv. Matemat., No. 6, 1959, pp. 192-201. In 
Russian. Presentation of a theorem on the exist- 
ence of a weak solution for the direct problem in 
the theory of plane-parallel Laval nozzles in the 
first approximation. The problem consists in 
determining the steady potential flow with transi- 
tion of flow velocity from subcritical to overcriti- 
cal values in the nozzle with given walls. The 
problem is formulated for an arbitrary equation of 
state of the gas. Includes description of numerical 
methods used and presentation of results. 


INTERACTION OF A SHOCK WAVE WITH A 
MIXING REGION. N. Riley. J. Fluid Mech., 
Mar., 1960, pp. 321-339. Study of the interaction 
of a simple wave, in steady supersonic flow, with 
a two-dimensional mixing region. The Fourier 
analysis is applied to the linearized equations of 
motion. From asymptotic forms for the Fourier 
transforms of physical quantities, for large wave 
number, the dominant features of the resulting 
flow pattern are predicted. A method is given 
whereby the linear theory may be improved to take 
into account some nonlinear effects. The reflected 
wave, for an incident shock wave, is then seen to 
consist of a shock wave, gradually diminishing in 
strength, followed by the main expansion wave. 
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Wings & Airfoils 


UNTERSUCHUNGEN AN FUNF FLUGELN MIT 
VERSCHIEDENER UMRISSFORM BEI HOHEN 
UNTERSCHALLGESCHWINDIGKEITEN,. Ernst 
Becker and Erick Wedemeyer. (WGL Jahresta- 
gung, Hamburg, Oct. 15, 1959.) ZFW, Feb., 


1960, pp. 44-52. 17 refs. In German. Presenta- 
tion of three-component measurements on five air- 
foils of different plan form (rectangular, trape- 
zoidal, swept, delta, and parabolic wings) at high 
subsonic velocities. The results are given in the 
form of diagrams, some of which are compared 
with theoretical results as obtained from linear- 
ized airfoil theory. 


A METHOD FOR CALCULATING THE AERO- 
DYNAMIC FORCES DUE TO ARBITRARY, TIME- 
DEPENDENT DOWNWASH FOR A CLASS OF THIN 
FLEXIBLE WINGS AT SUPERSONIC SPEEDS. 
Appendix A - DERIVATION OF THE INDICIAL 
AERODYNAMIC INFLUENCE COEFFICIENT FOR 
THE FUNDAMENTAL AREA, Appendix B - DIS- 
CUSSION OF THE INDICIAL AERODYNAMIC IN- 
FLUENCE COEFFICIENT FOR THE FUNDAMEN- 
TAL AREA. Appendix C - DETERMINATION OF 
APPROXIMATIONS FOR LIFT DUE TO INDICIAL 
PITCHING OF A SUPERSONIC-EDGED DELTA 
WING ABOUT ITS APEX. Appendix D - INITIAL 
CHARACTERISTICS OF INDICIAL FORCES DUE 
TO MONOMIAL MODES FOR WINGS HAVING 
SUPERSONIC LEADING EDGES AND A STRAIGHT 
TRAILING EDGE NORMAL TO THE STREAM, 

R. W. Warner and B, B. Packard. US, NASA TN 
D-142, Feb., 1960. 64 pp. 17 refs. Presentation 
of a technique whereby the plan forms, which must 
have every edge everywhere supersonic, are di- 
vided into a number of discrete areas, or boxes, 
of uniform downwash. These boxes are used to 
define indicial aerodynamic influence coefficients. 
On the basis of a specific example, it is concluded 
that the application of generalized indicial forces, 
derived from the influence coefficients, to the 
problem of calculating generalized aerodynamic 
forces due to arbitrarily time-dependent down- 
wash in any desired mode will probably be feasible, 
provided a sufficient number of boxes are used in 
the derivation. 


TRANSONIC DRAG TESTS OF 32 WINGS HAV- 
ING R.A.E. 104 SECTIONS. L. M. Sheppard. 
Australia, WRE Rep. HSA 12, Nov., 1959. 45 pp. 
Presentation of free-flight test results in order to 
examine the effect of plan-form parameters on the 
transonic and supersonic similarity laws for the 
zero-lift wave drag of wings. A maximum error 
for the drag rise of a typical wing was about 125% 
at supersonic speeds. The results confirmed the 
transonic similarity law and indicated that the 
supersonic similarity law was not entirely satis- 
factory for wings with round-nosed sections at low 
supersonic speeds. 


EXPERIMENTAL INVESTIGATION OF THE 
CHARACTERISTICS OF AN OGEE WING FROM 
M=0.4toM=1.8. L. C. Squire and D. S. Capps 
Gt. Brit., RAE TN Aero, 2648, Aug., 1959. 32 
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pp. 12 refs. Presentation of test results describ- 
ing the flow development and longitudinal static 
stability of a slender ogee wing of aspect ratio 1.2. 
Throughout the Mach number range the flow sepa- 
rates from the leading edge at some positive inci- 
dence and a pair of vortices lie above the wing. 
This leading edge separation occurs at very low 
incidence at subsonic speeds, but at supersonic 
speeds it occurs at progressively higher incidences 
as the Mach number increases. The additional lift 
associated with the vortices is approximately inde- 
pendent of Mach number at subsonic speeds, but at 
supersonic speeds the additional lift decreases 
with increase in Mach number. The overall rear- 
ward shift in aerodynamic center position and 
center of pressure position between subsonic and 
supersonic speeds is 6% of the root chord. 


AEROELASTICITY 


ON THE ESTIMATION OF STRUCTURAL 
DAMPING FROM AIRCRAFT RESONANCE TESTS, 
R. D. Milne. J. Aero/Space Sci., May, 1960, 
pp. 339-342, 376. Presentation of a method for 
estimating, from ground resonance tests on the 
prototype aircraft, appropriate damping coeffi- 
cients for incorporation into the flutter equations. 
The revised flutter calculations normally under- 
taken at this stage may thus include a realistic al- 
lowance for structural damping; in particular, 
account may be taken of the coupling which normal- 
ly exists in practice between undamped normal 
modes. The relationship between the theoretical 
semirigid approach and the measured responses 
taken from the actual aircraft is illustrated by a 
simplified theoretical example. 


AXISYMMETRIC VIBRATIONS OF SHALLOW 
ELASTIC SPHERICAL SHELLS. A. Kalnins and 
P, M. Naghdi. ASA J., Mar., 1960, pp. 342- 
347, Navy-sponsored application of a linearized 
system of differential equations, developed previous- 
ly, to calculate the torsionless axisymmetric vi- 
brations of spherical shells. The solution of the 
differential equations, which is exact within the 
scope of the shallow shell theory, is expressed in 
terms of Bessel functions and is applied to the 
study of free vibrations of spherical shell segments 
with various edge conditions. Comparison is 
drawn with previously known results for transverse 
vibrations of shallow spherical shells, where the 
effect of longitudinal inertia is neglected. 


CHEMISTRY 


THE MECHANISM OF POLYTETRAFLUORO- 
ETHYLENE PYROLYSIS. Henry Friedman. G-E 
MSVD AL TIS R59SD385 Aerophys. Res. Memo. 
37, June 19, 1959. 25 pp. 26 refs. USAF-spon- 
sored application of new kinetic equations for poly- 
mer chain degradation to examine the polytetraflu- 
oroethylene pyrolysis mechanism. Results of the 
analysis show that the mechanism probably is: (a) 
initiation by random C-C split to form a pair of 
free radicals; (b) the radicals remain in the vicini- 
ty of the site where they formed and depropagate 
by stepwise ejection of monomer molecules from 
the radical ends; the monomer rapidly diffuses 
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away from the reaction site in vacuum pyrolysis of 
thin films; and (c) termination by bimolecular re- 
action of the radicals. 


COMPUTERS 


DIGITAL COMPUTATION TECHNIQUES FOR 
FLUID FLOW FIELDS WITH SHOCK, F. J. 
Marshall. USAF WADC TR 59-535, Oct., 1959. 
179 pp. 117 refs. Presentation of a computational 
method for obtaining the two-dimensional super- 
sonic flow field (excluding wake) of a blunt body 
with the strong shock wave treated as an interior 
element. The foredrag as a function of Mach num- 
ber is one specific element sought. The basic ele- 
ments of the approach are the use of an artificial 
viscosity term (quadratic in the dilatation) tohandle 
the shock wave and the numerical treatment of the 
flow field of infinite area. The mathematical 
initial-boundary value problem is formulated in 
differential form, the corresponding finite differ- 
ence form is obtained numerically, and experimen 
tal data are provided for comparison with theoreti- 
cal results. 


MATERIALS 
Metals & Alloys 


RESEARCH ON THE MECHANISMS OF FA- 
TIGUE. Appendix - SURVEY OF METAL FA- 
TIGUE THEORY AND EXPERIMENT. J. C. 
Grosskreutz and F, R. Rollins. USAF WADC TR 
59-192, Sept., 1959. 64 pp. 83 refs. Investiga- 
tion of microphysical changes accompanying cyclic 
stress in copper and aluminum samples by the use 
of X-ray and electron microscope techniques. 
Small angle X-ray scattering reveals that the for- 
mation of misoriented subgrains is the most pro- 
nounced structural change and that this formation 
is essentially completed within the first 10% of the 
fatigue life. It is further demonstrated that high 
temperature annealing does not remove this poly- 
gonized structure, but does promote some growth 
and consolidation of the subgrains. No evidence 
is found for the formation of voids in the volume 
of copper and aluminum during cyclic stressing. 
This result strongly favors the hypothesis that all 
cracks originate at the surface of a fatigue sample, 
Energy dissipation during fatigue is measured and 
found to follow the classic stages of fatigue: initial 
hardening, a long quiescent period in which dissi- 
pation gradually increases, and the onset of frac- 
ture. Reasons are discussed for discarding this 
description of fatigue in favor of a simple picture 
of crack initiation and crack propagation. 


ON NON-PROPAGATING CRACKS IN FATIGUE 
OF METALS. Minoru Kawamoto and Kazushige 
Kimura. JSME Bul., Feb., 1960, pp. 41-47. 
Proposal of a new hypothesis based on the coaxing 
and strain hardening effects, and the change in 
stress range and stress concentration factors that 
a material receives at the tip of a fatigue crack. 
The fatigue strength for the formation of cracks and 
for destruction are considered along with a criti- 
cal value of the fatigue strength reduction factor 

- i,e., the minimum value for the formation of a 
nonpropagating crack. The relations between 
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these three factors are obtained, and comparison 
is made with experiments made under rotating 
bending and repeated torsional stresses. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


DESIGN CRITERIA AND THEIR APPLICATION 
TO ECONOMICAL MANNED SATELLITES. H. 
H. Koelle, E. E. Engler, and J. W. Massey. 
(Manned Space Stations Symposium, Los Angeles, 
Apr. 20-22, 1960, Proc.) Aero/Space Engrg., 
May, 1960, pp. 24, 25, 90. 27 refs. Abridged. Sur- 
vey of the historical development in the field of 
manned satellite vehicles and establishment of 
definitions of satellite types and their components. 
Design criteria in the areas of flight mechanics, 
earth and orbital assembly, lifetime, power sup- 
ply, environmental control, and operational con- 
siderations are discussed in detail. The logistic 
implications, personnel rotation, emergency oper- 
ations, orbital control, and tracking are empha- 
sized with specific consideration of economic as- 
pects. Proper system requirements are establish 
ed on the basis of a solution stressing optimum 
operational capabilities with a great mission and 
orbit flexibility and high reliability and crew safety 
at minimum cost. A typical design study of a 
manned orbital laboratory is shown, and details of 
applications, layout, subsystems, and weight esti- 
mate are given. 


THE IONIZING RADIATION IN SPACE - STRUC- 
TURAL IMPLICATIONS. N. F. Dow. (Manned 
Space Statidns Symposium, Los Angeles, Apr. 20- 
22, 1960, Proc.) Aero/Space Engrg., May, 1960, 
pp. 46, 47, 98. 19 refs. Abridged. USAF-supported 
review of various aspects of the ionizing radiation 
in space and of their implications for the structur- 
al design of manned space vehicles. One of the 
most important problems is shown to be the pro- 
tection of human occupants from the energetic pro- 
tons encountered either in the inner Van Allen ra- 
diation belt or sporadically from solar flares at 
any altitude above 100, 000 ft. within the solar sys- 
tem. An introduction is made to the design princi- 
ples involved in both active (electrostatic and elec- 
tromagnetic) and passive (composite materials) 
shielding. The conclusion is reached that the pro- 
tection of the occupants from the hazards of ioniz- 
ing radiation may require far more weight than 
any other structural requirement for manned space 
stations. 


DESIGN OF AN OPERATIONAL ECOLOGICAL 
SYSTEM. E. B. Konecci and N. E. Wood. (Man- 
ned Space Stations Symposium, Los Angeles, Apr. 
20-22, 1960, Proc.) Aero/Space Engrg., May, 
1960, pp. 42, 43, 96. Abridged. Presentation of gen 
eral requirements for a manned scientific low or- 
bit (150-400 miles) space station. Due to the inte- 
grated systems approach,each sybsystem is con- 
sidered in relation to the whole. The complete 
space station includes: the crew, the structure, 
the equipment (communications, experimental, 
repair, and maintenance), the attitude control sys- 
tem, the emergency escape and earth-return vehi- 
cle, the auxiliary power supply, in-orbit logistics 
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and crew transfer capability, and the ecological 
system. 


INTEGRATED THERMODYNAMIC SYSTEMS 
FOR MANNED SPACE STATIONS. M. G. Del 
Duca, A. D. Babinsky, and F. D. Miraldi. (Man- 
ned Space Stations Symposium, Los Angeles, Apr, 
20-22, 1960, Proc.) Aero/Space Engrg., May, 
1960, pp. 56, 57, 104, 22 refs. Abridged. Study made 
to illustrate the criteria which should be utilized 
in the selection of power units for manned missions 
and to demonstrate the advantages to be gained by 
the integration of powered functions, provided 
various conditions are fulfilled. Takeninto account 
are: human requirements in the specified space 
mission, the role of each component in the man- 
machine-mission complex, and the magnitude of 
the effect produced on the stability of the system 
by malfunction in any particular component or 
function. Results of the analysis show that the 
interplay between components can be utilized to 
advantage by integration techniques. The necessity 
of considering the integration of power functions is 
demonstrated by the example of the space ecology 
where it is shown that regenerative systems can 
be competitive with stored systems for mission 
times as low as 17 days. It is emphasized that a 
dominant role is played by the power level and the 
type of unit used in determining the choice of a 
particular ecological system or any other system 
for a given mission, 


A MODULAR CONCEPT FOR A MULTIMAN- 
NED SPACE STATION. S. B. Kramer and R, A, 
Byers. (Manned Space Stations Symposium, Los 
Angeles, Apr. 20-22, 1960, Proc.) Aero/Space 


Engrg., May, 1960, pp. 30, 31, 90. 24 refs. Abridged : 


Presentation of the concept of a multi-manned 
satellite based on a conservative extrapolation of 
the science of astronautics over the next decade, 
The areas treated are: the space station - devel- 
oping the modular concept, the configuration and 
description of the station, structures, communica- 
tions, and power sources; the microecology - 
presenting details of the environment and its prob- 
lems; space-station dynamics - including orbital 
factors, attitude stabilization, and various rendez- 
vous problems with examples of their solution; 
the astrotug, the astrocommuter, and the booster 
system outlined in concept; and costs, development 
plans, and the prospectus of such a satellite. 


LONG RANGE DETECTION BY STAR OCCUL- 
TATION. Appendix - DERIVATION OF THE 
FALSE-ALARM RATE. Harvey Dubner. (AAS 
5th Annual Meeting, Wash., Dec., 1958,) J. 
Astron. Sci., Spring, 1960, pp. 1-6. Presentation 
of the capabilities, instrumentation, and limita- 
tions of astar occultation technique for providing 
long range detection of objects in space. The basic 
principle involved is that an object moving in space 
must eventually pass between the observer and 
some stars; that is, the body occults the light 
from these stars. The angular position and time 
of these occultations are used to determine accu- 
rately the orbits of objects in space. Detection 
ranges of over 10,000 miles are possible; one ex- 
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ample shows the possibility of attaining 120, 000 
miles. 


Ballistics, Re-Entry 


TRAJECTORY PROBLEMS IN CISLUNAR 
SPACE. Westinghouse AAD TN (AFOSR TN 59- 
1284), Dec. 31, 1959. 42 pp. Analysis of guidance 
requirements for space flight. The effects of vari- 
ations in lunar orbit injection conditions upon sig- 
nificant orbital parameters are described. From 
these data, guidance and vernier propulsion re- 
quirements and trade-offs may be determined for 
specific missions in cislunar space. The relation- 
ships among terminal conditions at the moon and 
midcourse errors and corrections are investigated, 
as well as the often considered effects orerrors in 
initial conditions. The significant parameter of 
velocity relative to the moon is also studied. The 
results show that the effects of a midcourse veloci- 
ty correction on lunar miss distance and passing 
velocity are of opposite sense - i.e., if one is 
increased, the other is decreased. It follows that 
a velocity impulse in certain directions has no ef- 
fect on either miss distance or passing velocity 
and that, in general, at least two midcourse im- 
pulses may be required to correct both of these 
factors. The sensitivity of terminal miss and 
velocity conditions to midcourse corrections in 
the most effective direction is shown to be quite 
high. 


TRAJECTORY CONTROL FOR VEHICLES EN- 
TERING THE EARTH'S ATMOSPHERE AT SMALL 
FLIGHT-PATH ANGLES. Appendix A - EQUA- 
TIONS FOR CONSTANT DECELERATION TRA- 
JECTORIES. Appendix B - EQUATIONS FOR 
CONSTANT RATE OF DESCENT TRAJECTORIES. 
Appendix C - APPROXIMATE ANALYTICAL SO- 
LUTIONS TO CONSTANT-DECELERATION AND 
CONSTANT -RATE-OF-DESCENT TRAJECTO- 
RIES. J. M. Eggleston and J. W. Young. US, 
NASA Memo, 1-19-59L, Feb., 1959. 64 pp. Pres- 
entation of methods for controlling the trajectories 
of high drag - low lift vehicles entering the earth's 
atmosphere at angles of attack near 90° and at 
initial entry angles up to 3°, The trajectories are 
calculated for vehicles whose angle of attack can 
be held constant at some specific value or can be 
perfectly controlled as a function of some meas- 
ured quantity along the trajectory. The results 
might be applied in the design of automatic control 
systems or in the design of instruments which will 
give the human pilot sufficient information to con- 
trol his trajectory properly during an atmospheric 
entry. Trajectory data are compared on the basis 
of the deceleration, range, angle of attack, and, 
in some cases, the rate of descent. The aerody- 
namic heat-transfer rate and skin temperature of 
a vehicle with a simple heat-sink type of structure 
are calculated for trajectories made with several 
types of control functions. 


ATMOSPHERIC ENTRY OF MANNED VEHI-, 
CLES, Carl Gazley, Jr. (Manned Space Stations 
Symposium, Los Angeles, Apr. 20-22, 1960, Proc.) 
Aero/Space Engrg., May, 1960, pp. 22, 23, 90. 25 
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refs. Abridged. Discussion of problems of or- 
bital departure and the establishment of the initial 
entry path, the dynamics of deceleration during 
entry, the aerodynamic heating of the vehicle sur- 
face, and the characteristics of various types of 
surface protection systems. It is concluded that’ 
there are two types of feasible vehicles for manned 
entry: (1) a blunt dense vehicle with little or no 
aerodynamic lift and a low-temperature ablation- 
cooling system, and (2) a radiation-cooled vehicle 
using a very light drag brake or lifting surface to 
achieve high-altitude deceleration. 


RENDEZVOUS IN SPACE - EFFECTS OF 
LAUNCH CONDITIONS. N. V. Petersen and R.S 
Swanson. (Manned Space Stations Symposium, Los 
Angeles, Apr. 20-22, 1960, Proc.) Aero/Space 
Engrg., May, 1960, pp. 72, 73, 106. Abridged. 
Brief discussion of projected rendezvous missions 
and requirements, and presentation of tentative 
recommendations concerning rendezvous termi- 
nology. The effects of launch base location and 
launch errors on rendezvous are also discussed, 
and some unpublished data on rendezvous compati- 
ble orbit are given. It is indicated that the use of 
rendezvous compatible orbits and the quasi-opti- 
mal rendezvous guidance system (QORGS) satisfy 
most of the problems associated with a friendly 
rendezvous for both the routine and the semiemer- 
gency cases, 


ORBITAL RENDEZVOUS AND GUIDANCE, 
E. A. Steinhoff. (Manned Space Stations Symposi- 
um, Los Angeles, Apr. 20-22, 1960, Proc.) 
Aero/Space Engrg., May, 1960, pp. 70, 71, 106. A- 
bridged. Description of requirements and techni- 
cal limitations or orbital rendezvous techniques 
for near coplanar orbits and ascent mission for 
maintenance, crew exchange, and emergency in- 
tercepts, using two-step Hohmann and quasi-Hoh- 
mann type ascents. Considered are only missions 
which can be handled with present day fuels and 
conservative requirements on mass ratio and pro- 
pulsion systems. To speed up rendezvous, higher 
intermediate orbits and aircraft launched intercep- 
tors are also considered, Recommendations are 
made concerning a test program which permits 
early testing of rendezvous terminal equipment on 
a repetitive basis. An error analysis indicates 
that for low altitude satellites (below 1,000 nautical 
mile orbit altitude), guidance equipment with accu- 
racies applicable to ICBM guidance is sufficient to 
monitor satellite rendezvous in connection with 
ground tracking equipment or fan type fence detec- 
tors, preferably located along the equator. 


Guidance, Control, Stability 


EFFECTS OF SLOW SPIN ON THE MOTION OF 
AXISYMMETRICAL MISSILES. Akira Azuma. 
Japan Soc. Aero. & Space Sci. Trans., No. 3, 
1959, pp. 49-63. Analysis considering the effect 
of spinning motion on the inherent stability of a 
missile and its transfer function. By considering 
vector diagrams for the frequency response of the 
transfer function with complex coefficients, the 
criterion and the degree of stability of spinning 
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Quart. Rev., Fall & Winter, 1959. 207 pp. Com- 
pilation of papers covering the following aspects: 

I - the objectives of the Air Force in the field of 
nuclear flight propulsion, history and management 
of the work, and the nature of the four major proj- 
ects to use nuclear energy as a source of power; 
II - the relevant principles of nuclear theory and 
the projection of theory into aerospace propulsion 
system applications, survey of fission reaction 
and power-reactor fundamentals, materials used 
to sustain and contain reaction, and the basic en- 
gineering premises incorporating the useful con- 
version of nuclear energy; III - a series of status 
reports on the direct- and indirect-cycle nuclear 
propulsion, nuclear reactors for ram-jet propul- 
sion, design of a nuclear ram-jet, nuclear-rocket 
propulsion, radioisotopic power sources, nuclear 
reactors as auxiliary power sources, and testing 
of radiation effects on aircraft systems; IV - the 
concepts underlying (a) the investigations of the 
superposition of a nuclear environment on the crew 
compartment of a manned aircraft and (b) the safe- 
ty of the public in the vicinity of nuclear operations; 
and the conclusions attained in several areas of 
research. Appended is a glossary of terms relat- 
ing to aerospace nuclear propulsion. 


UTILIZATION OF PLASMA-CELL ENERGY 
CONVERSION IN NUCLEAR REACTORS. W. A. 
Ranken and T. G. Frank. (Manned Space Stations 
Symposium, Los Angeles, Apr. 20-22, 1960, 
Proc.) Aero/Space Engrg., May, 1960, pp. 58, 59. 
Abridged. Investigation of the transition phase 
from an appreciation of plasma cell conversion 
possibilities to the construction of practical reac- 
tors featuring the method of energy transformation 
which involves direct conversion of heat to elec- 
tricity. Also discussed are the optimization of 
various parameters in cell design, parameters 
such as emitter and collector work functions, e- 
mitter-collector separation distance, and cesium 
vapor pressure in the cell. Problems associated 
with the application of the plasma cell to nuclear- 
electric power generation are considered, and 
two reactor designs are discussed. 


A CIRCULATING DUST-FUELED, RADIATION- 
COOLED SPACE POWER REACTOR. W. R. 
Corliss. (Manned Space Stations Symposium, Los 
Angeles, Apr. 20-22, 1960, Proc.) Aero/Space 
Engrg., May, 1960, pp. 60, 61. 12 refs. A- 
bridged. Description of the circulating dust-fueled 
concept which permits the design of high power 
level space power packs by synthesizing the radia- 
tion-cooled concept with that of circulating, solid, 
nuclear fuel particles. A description of a l-mw, 
direct conversion space power plant of this type is 
given along with an evaluation of its place in space 
power production. The concept of a dust heat 
transfer agent, whether fueled or unfueled, shows 
considerable promise as a substitute in leak-sen- 
sitive gas and liquid systems. The following con- 
clusions are also drawn: the high impedances to 
radiation heat transfer through the dust stream 
makes it imperative to induce convective currents 
in the dust; the diffusion of dust kinetic energy into 
the radial degree of freedom requires the use of 
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straightening sections which dampen out radial ve~ 
locity components; electrostatic pumping seems 


feasible so long as the postulated charging mecha- 
nism achieves its calculated performance; and f 
control and startup offer no serious problems, ) 


POWER PLANTS 


ELECTRICAL SPACE PROPULSION. R. H, 
Boden. IAS 28th Annual Meeting, New York, Jan, 
25-27, 1960, Paper 60-55. Members, $0.50; non- 
members, $1.00. 43 pp. 25 refs. Evaluation 
covering the technical and scientific status of pres 
ent electric propulsion systems, the technical pos. 
sibilities and growth potential of relevant propul- 
sion and power generation systems during the next 
15 years, and the advantages and needs on the basis 
of mission requirements and expected general ad- 
vancement of space technology. A historical sur- 
vey of ion, magnetohydrodynamic, and electro- 
thermodynamic propulsion is presented along with 
data on the performance, payload, specific power, 
operating time, and weight. The energy sources 
considered for electric propulsion include conven- 
tional chemical, radio-isotope, fission-type nucle- 
ar reactor, fusion reactor, and the sun. The dis- 
cussion of electric thrust devices covers: electro- 
thermodynamic or plasma jet types; acceleration 
of plasma; ion and colloid rocket engines; types of 
ion sources including radio frequency, thermionic- 
arc type, and surface contact; and the generation 
of charged colloid particles. 


Jet & Turbine 


THERMODYNAMIC DATA FOR THE CALCULA- 
TION OF GAS TURBINE PERFORMANCE, D. 
Fielding and J. E. C. Topps. Gt. Brit., ARC 
R&M 3099, 1959. 115 pp. BIS, New York, $8.10. 


Presentation of the data required to calculate the 
total heat and entropy of gas mixtures, and the rela- 
tions for the temperature rise on the combustion of 
fuelin air. The methods are given in sucha way that 
they remain applicable to the preparation of data for 
any fuel. The properties and relations for a 
standard fuel of given composition and calorific 
value are given so that the performance of engines 
may be compared under definite conditions. The 
method employed is the development of equations 
for the difference between a property of a gas 
mixture and the corresponding property of air. 
This difference is calculated as a function of tem- 
perature depending on either gas composition or, 
for combustion products, on fuel composition and 
fuel/air ratio. The range of temperatures con- 
sidered is 200° to 2,000°K. 


Rocket 


THE THEORY OF BURNING OF SOLID AND 
LIQUID PROPELLANTS. D. B. Spalding. Comb. 
& Flame, Mar., 1960, pp. 59-76. 14 refs. Ap- 
plication of the centroid rule of laminar gas-flame 
to a simple model of condensed-phase propellant 
combustion; the propellant undergoes successively 
a phase-changing reaction and a gaseous combus- 
tion reaction. Curves are presented enabling the 
rate of burning in the gaseous flame to be calcu- 
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lated as a function of the propellant surface tem- 
perature and the centroid of the reaction-rate 
function. These curves, combined with informa- 
tion about the process of phase change, enable 
surface temperature and burning rate to be deter- 
mined. Normal diffusion is assumed in the gas 
phase, and the effect of heat loss from the propel- 
lant surface is considered. It is shown that heat 
loss can lead, under some circumstances, to the 
existence of both lower and upper limits to the 
pressure under which stable burning is possible. 


THE SUPERSONIC DIFFUSER AND ITS APPLI- 
CATION TO ALTITUDE TESTING OF CAPTIVE 
ROCKET ENGINES. Appendix - ONE-DIMENSION- 
AL STEADY FLOW EQUATIONS FOR THE CON- 
STANT CROSS-SECTIONAL AREA DIFFUSER. 

R. M. Foster. USAF FTC TR 60-1, Jan., 1960. 
32 pp. 22 refs. Presentation of preliminary re- 
sults of a program for determining the altitude 
simulation produced by various second and third 
stage rockets enclosed in an altitude chamber and 
fired through a diffuser into the atmosphere. The 
results of preliminary nitrogen gas tests and a 
qualitative description of the flow mechanism in a 
constant cross sectional area supersonic diffuser 
are presented for various supersonic nozzle exit 
area to diffuser cross sectional area ratios and 
supersonic nozzle shapes. The nitrogen gas tests 
indicate that the one-dimensional steady-flow e- 
quations accurately predict part of the diffuser 
performance curve, but experimental data are 
needed to establish the complete performance curve, 


RESEARCH, RESEARCH FACILITIES 


Wind Tunnels 


AN INVESTIGATION OF SUPPORT INTERFER- 
ENCE ON AGARD CALIBRATION MODEL B. 
C. J. Schueler. USAF AEDC TN 60-35, Feb., 
1960. 28 pp. Presentation of results for the criti- 
cal sting length obtained during tests conducted at 
Mach numbers of 2, 3, 4, and over a range of 
Reynolds numbers from 3.5 x 10® to 13.5 x 106, 
The results indicate that the sting had no signifi- 
cant influence on the model surface pressure even 
when interference on base pressure was maximum. 
Over the Mach number and Reynolds number range 
of the tests, negligible interference was introduced 
by the windshield for sting length to model diame- 
ter ratios greater than 2.5. 


ROTATING WING AIRCRAFT, HELICOPTERS 


THE LONGITUDINAL STABILITY AND CON- 
TROL OF THE TANDEM-ROTOR HELICOPTER. 
A. R. S. Bramwell. Gt. Brit., RAE Rep. Naval 
3, Nov., 1959. 82 pp. 13 refs. Presentation of 
a simple method for calculating downwash interfer- 
ence and comparison of theoretical and flight-test 
trim curves, indicating that the method is reason- 
ably accurate. The downwash interference 
causes a reversal of stick position with speed for 
part of the speed range with an associated diver- 
gence in the dynamic stability. This may be elimi- 
nated by choosing a suitable value of swash~plate 
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dihedral angle. If, in addition, a suitable differ- 
ential delta-three hinge angle is applied, the tandem- 
rotor helicopter appears to be stable over the 
whole speed range, except athovering and very low 
speeds. 


STRUCTURES 


Beams & Columns 


ON THE BEAM UNDER RANDOM LOADING, 
Taro Shimogo. JSME Bul., Feb., 1960, pp. 60- 
65. 15 refs. Presentation of a method for design- 
ing a structure under random loading, such as a 
wing of an airplane in flight through a three-dimen- 
sional turbulence. The mean square values of 
deflections and stresses are evaluated by a sto- 
chastic method on the basis of simplified represen- 
tations of the structure with finite span and its 
spanwise lift distribution. Inthe analysis, the typi- 
cal power-spectrum of stationary isotropic three- 
dimensional turbulence is used, and it is assumed 
that the scale of turbulence is much smaller than 
the length of the span, and that the intensity of 
turbulence is so small that stall does not occur. 


ON THE BERNOULLI-EULER BEAM THEORY 
WITH RANDOM EXCITATION. J. L. Bogdanoff 
and J. E., Goldberg. J. Aero/Space Sci., May, 
1960, pp. 371-376. 10 refs. Calculation of the 
displacement and maximum bending stress in a 
uniform, simply supported Bernoulli-Euler beam 
with distributed external viscous damping for sev- 
eral types of random excitations. The mean 
square values are found to be finite except for two 
types of excitations which do not appear to have 
appreciable physical significance in engineering 
problems. The mean square calculus of random 
processes is used in the analysis. 


BEHAVIOUR OF STRUTS WITH TIME DE- 
PENDENT LOADS. Appendix - SOLUTION OF 
TIME DEPENDENT PROBLEM USING MATHIEU 
EQUATION. S. Radhakrishnan. Aero. Soc. India 
J., Nov., 1959, pp. 83-92. Analysis of a simply 
supported strut under the action of compressive 
loads varying arbitrarily with time. The differen- 
tial equation for the strut under a time dependent 
load is derived and an analytical solution is given 
for the case of sinusoidally varying load. Arbitrar- 
ily varying loads can be dealt with by stepwise nu- 
merical integration of the differential equation. 
This numerical method is illustrated using the si- 
nusoidally varying load, and comparison is made 
with the analytical solution. 


Connections 


RAPID LOADING OF ALUMINUM ALLOY RIV- 
ETED JOINTS. R. T. Ault. USAF WADC TR 59- 
433, Dec., 1959. 16 pp. Presentationof results of 
slow and rapid tensile sheartests conducted at 
room temperature to determine the failure strength 
of multiple rivet lap and butt joints. Both concen- 
tric and eccentric loading conditions are used. 
All failures were by rivet shear. The results indi- 
cate that for both eccentric and concentric loading 
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conditions, rapid loading has no significant effect 
on the strength of the joint. 


Cylinders & Shells 


NIELINIOWE ZAGADNIENIE DOTYCZACE 
UGIEC POWLOKI O POSTACI STOZKA SCIETEGO, 
SCISKANEJ SILAMI ROWNOMIERNIE ROZ4LOZ0- 
NYMI NA BRZEGACH. Stanislaw Wisniewski. 
Arch. Budowy Maszyn, No. 4, 1959, pp. 493-520. 
In Polish, with summaries in English and Russian. 
Analysis considering the problem of large deflec- 
tions of a shell in the form of a straight circular 
truncated cone compressed by forces uniformly 
distributed on the edge and parallel to the axis of 
the cone. Defining the strain of the shell by means 
of the dislocation v, measured in the radial direc- 
tion and by the rotation angle of the tangent u to 
the central surface yw , a system of two ordinary 
second-order differential equations is obtained. 
The system is solved approximately by a suitable 
choice of constants based on boundary conditions. 
Numerical examples are given for a shell with a 
base radius of 2 and for a shell with a very small 
opening. 


Elasticity & Plasticity 


FUNDAMENTAL SOLUTION FOR ELASTIC 
AND INELASTIC ANISOTROPIC BODIES. Sylwester 
Kaliski. Arch. Mech. Stosowanej, No. 5, 1959, 
pp. 619-647. Presentation of a method restricting 
the solution to a finite time interval - i.e., t < 
C, where Cisaconstant. Several complete sets of 
functions (corresponding to various boundary con- 
ditions on the surface of the hypothetical finite re- 
gion) are introduced to satisfy a system of partial 
differential equations fort < C. Inaddition, the 
problem of convergence was investigated for the 
case of the plane problem. 


A GENERAL THEORY OF PIECEWISE LINEAR 
PLASTICITY FOR INITIALLY ANISOTROPIC 
MATERIALS. I. Berman and P. G. Hodge, Jr. 
Arch. Mech. Stosowanej, No. 5, 1959, pp. 513- 
540. 66 refs. Presentation of a method for the 
solution of problems in plasticity that involve struc- 
tures which may be anisotropic in their initial 
yield surface, in plastic flow, and in the change 
of yield surface which is caused by strain harden- 
ing. The application is limited to those cases 
where principal directions of stress and strain in 
each element coincide and remain fixed through- 
out the loading process. The method of analysis is 
one of piecewise linear plasticity. A general theory, 
wherein a large number of material constants may 
be incorporated, is first developed. The flexibility 
of the general theory provides a method by which 
better approximations to actual material properties 
may be utilized. Mathematical difficulties may be 
reduced for the solution of some problems by the 
use of equations based upon the principal shear 
stresses. Specific equations for this simplified 
theory are given in tabular form. 


LINEAR THEORY OF PLASTICITY OF ANISO- 
TROPIC BODIES AND ITS APPLICATIONS TO 


May 1960 


168 Aero/Space Engineering - 


PROBLEMS OF LIMIT ANALYSIS. Antoni Sawezuk 
Arch. Mech. Stosowanej, No. 5, 1959, pp. 541- 
557. 17 refs. Application of the linear theory, 
based on the Coulomb-Tresca condition in the plas- 
tically isotropic case, to materials showing mac- 
roscopic plastic anisotropy. The yield surface is 
represented in the form of a system of linear e- 
quations, satisfying certain physical and convexity 
conditions. Problems concerning the limit analy- 
sis of plates and shells are shown. From these 
solutions, and from the analysis of the results 

of experiments, emerge certain practical indi- 
cations concerning the design of anisotropic 
shells. 


THE CAUCHY PROBLEM FOR ELASTIC 
WAVES IN AN ANISOTROPIC MEDIUM. G. F. D, 
Duff. Royal Soc. (London) Philos. Trans., Ser. 
A, Feb. 18, 1960, pp. 249-273. 16 refs. Analysis 
considering the initial value, or Cauchy, problem 
for a homogeneous medium. Using Fourier trans- 
forms, the elastic waves produced by a local initial 
disturbance are described. The solution consists 
of a continuous wave which lasts for a definite 
period of time, and a number of sharp waves. The 
solution appears as the sum of three modes, which 
correspond to the three sheets of a certain wave 
surface. The geometry of the surface, which may 
be quite complicated, qualitatively determines the 
nature of the solution. 


PROPAGATION OF ELASTIC-PLASTIC WAVES 
IN A NON-HOMOGENEOUS MEDIUM. Piotr 
Perzyna. Arch. Mech. Stosowanej, No. 5, 1959, 
pp. 595-612. 19 refs. Presentation of a solution 
for the propagation of waves in the loaded region 
of a medium. The following assumptions are in- 
troduced into the study: (a) the body exhibits elas- 
tic and plastic inhomogeneity, (b) the variability 
of mechanical properties is continuous and the 
point functions are continuous and differentiable, 
and the material shows linear strain hardening. 
The study covers the propagation of the front of an 
elastic and plastic wave; the displacement problem 
solved by reduction to two generalized Picard 
problems; the solution in the case of a pressure 
over the surface, monotonically increasing from 
zero; and a particular case of nonhomogeneity. 


Fatigue 


ON THE PROPAGATION OF A CRACK IN AN 
ELASTIC-BRITTLE MATERIAL. J. W. Craggs. 
J. Mech. & Phys. Solids, Jan., 1960, pp. 66-75. 
ONR-sponsored extension of the Griffith theory 
of brittle cracking to the dynamic problem in which 
a semi-infinite medium is extended by finite forces 
The conclusion is drawn that the force required 
to maintain a steady rate of extension of the crack 
decreases as the rate increases. It is also ob- 
served that various criteria which may be assumed 
for crack division lead to limiting velocities of 
propagation of a single crack. 


LA DETERMINATION DES COURBES ISO-PRO- 
BABILITES POUR LES RUPTURES DE FATIGUE 
DES PIECES D'HELICOPTERES. 
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(4th Internatl. Aero. Congr. on Rotary Wings & 


Vertical Flight, Paris, June 15-19, 1959.) Tech. 
& Sci. A€ronautiques, Aug., 1959, pp. 191-198. 
In French. Study of the fatigue life of helicopter 
components covering the determination of iso- 
probability curves on the basis of results obtained 
from fatigue failure tests. The study is limited 
to the case of a component subjected to a constant 
alternated loading. The method for obtaining the 
curves is described in detail; the importance of a 
low number of failure points is pointed out; the 
simplifying assumptions introduced into the study 
are listed; the simplified method used for helicop- 
ter blades is detailed; two types of blade attach- 
ment are studied to illustrate the applicability of 
the method; and the advantages of the method of 
partial means are shown, 


Plates 


COMBINED EFFECTS OF AXIAL LOAD, THER- 
MAL STRESS, AND CREEP IN FLAT PLATES, 
I - LARGE-DEFLECTION ANALYSIS OF BUCKL- 
ED PLATES UNDER THERMAL EFFECTS. P. C. 
Huang and C. J. Van Der Maas. USAF WADC TR 
57-442, Suppl. I, Feb., 1959. 23 pp. Presenta- 
tion of a method for calculating critical buckling 
loads and post-buckling behavior of plates subject- 
ed to the following temperature distributions: 
uniform; hot at the center, varying linearly to cool 
at the edges; and cool in the center, varying linear- 
ly to hot at the edges. An experimental verifica- 
tion for the method was sought using compression- 
buckling data from three tests. It was found that 
the theoretical data correlate satisfactorily with 
the experimental data. 


Plates with Holes 


TRANSVERSE BENDING OF AN INFINITE 
PLATE WITH A CYLINDRICAL CIRCULAR HOLE 
BY THE THREE-DIMENSIONAL THEORY OF E- 
LASTICITY. Ichiro Nakahara and Takashi Koizumi. 
JSME Bul., Feb., 1960, pp. 66-71. Presentation 
of solutions for stresses and deflections in a plate 
subjected to bending moments. Numerical results 
are given when the ratios of hole diameter 2a to 
plate thickness 2h are about 0.3, 1, and 3. These 
results show that the smaller a/h becomes, (1) the 
larger the stress-concentration factor becomes 
as compared with the value obtained by the theory 
of thin plates, and (2) the more the circumferential 
stress across the thickness of the plates at the 
ends of diameter parallel to the axis of the applied 
bending moment deviates from a linear distribution, 


Sandwich Construction 


THE SHEAR MODULUS OF FOIL HONEYCOMB 
SANDWICH STRUCTURES. Takashi Akasaka and 
Toshio Takagishi. (Japan Soc. Aero. & Space Sci. 
Symposium on Strength of Structures, Feb. 21, 1959.) 
Japan Soc. Aero. & Space Sci. Trans., No. 3, 
1959, pp. 83-90. Study of the dependence of the 
shear modulus of honeycomb structures on the 
Properties of the core materials, the geometry of 
foil panels, and the flexural rigidity of the faces. 
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It is assumed that honeycomb cores are capable 
of carrying only shear stress in the plane of the 
individual foil panels, and that the shear stress is 
invariant in the z-direction. Comparison is made 
with experimental results on cell forms of a regu- 
lar hexagon, indicating that the derived formulas ~ 
give values that are too high. 


Testing Methods 


STUDY OF METHODS FOR NONDESTRUCTIVE 
MEASUREMENT OF RESIDUAL STRESS. F. R. 
Rollins. USAF WADC TR 59-561, Dec., 1959. 
41 pp. 56 refs. Study of various physical phe- 
nomena which exhibit some stress dependent rela- 
tionship. Included are: X-rays, magnetic prop- 
erties, cyclotron and nuclear magnetic resonance 
phenomena, optical properties of metals, neutron 
diffraction, indentation methods, electrical resis- 
tivity, acoustic emission, and ultrasonic tech- 
niques. Of the many phenomena studied, ultra- 
sonics were chosen for further experimental inves- 
tigation. It has been definitely established that 
residual stresses in metals can cause double re- 
fraction of a polarized shear wave. A technique, 
based on the double refraction of shear waves, for 
measuring the average stress through certain 
specimens is described and sources of error are 
discussed. The interaction of two ultrasonic 
waves in metals has also been investigated. 


Wings 


RESULTS OF STRESS AND DEFLECTION 
MEASUREMENTS PERFORMED ON A SWEPT- 
BACK BOX BEAM AND THEIR COMPARISON 
WITH THEORETICAL RESULTS. Appendix A - 
SUPPLEMENTARY ANALYSIS ON THE STRESS 
DISTRIBUTION IN THE SPAR NEAR THE ROOT. 
Appendix B - CORRECTION IN CONNECTION 
WITH THE DIFFERENCE BETWEEN THE BOX 
BEAM WHICH HAS BEEN USED IN BENTHEM!S 
CALCULATIONS AND THAT WITH WHICH THE 
TESTS HAVE BEEN CARRIED OUT. H. J. v. 
Brol, B. Hakkeling, and J. A. Schuerman. Neth- 
erlands, NLL TN S.536, Jan. 26, 1959. 53 pp. 
Comparison of theoretical and test results for a 
symmetrical swept-back beam. The theoretical 
results were determined previously by means of 
the principle of minimum complementary energy 
and also by means of the principle of minimum 
potential energy. A supplementary analysis is 
given to determine the stress distribution in the 
spar webs near the root. Generally, the agree- 
ment between the test results and calculations is 
very satisfactory, especially if the calculations 
are based on the principle of minimum complemen 
tary energy. The measured and computed deflec- 
tions showed the largest discrepancies. 


THERMODYNAMICS 


Combustion_ 


A CONTRIBUTION TO THE THEORY OF LAME 
NAR FLAMES WITH RADIAL SYMMETRY. 
J. Menkes. Comb. & Flame, Mar., 1960, pp. 
1-7. 16 refs. Transformation of the differential 
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equations of motion of a flame with radial symme- 
try into an integral equation. The integral equa- 
tion is solved numerically by a method of succes- 
sive approximations. The dependence of the mass 
flow per unit area on the flame thickness and 
flame radius, as wellas onthe temperature of the 
unreacted gas, is investigated. It is demonstrated 
that the rate of change of the mass flow is deter- 
mined by any two of the three parameters. The 


results of the calculations are presented graphi- 
cally. 


THE THEORY OF STEADY LAMINAR SPHERI- 
CAL FLAME PROPAGATION: EQUATIONS AND 
NUMERICAL SOLUTION. D. B. Spalding. Comb. 
& Flame, Mar., 1960, pp. 51-58. Study of acom- 
bustible gas which is supposed to emerge steadi- 
ly from a point source immersed in an atmosphere 
of adiabatic combustion products. The differential 
energy equation is solved numerically, and it is 
shown that the effective radius of the spherical 
flame is larger than that predicted from the as- 
sumptions that the flame is very thin and that it 
has the same burning rate per unit area as a plane 
flame. The error increases as the rate of injec- 
tion and the laminar flame speed of the mixture 
decrease. The thermal conductivity of the gas is 
assumed constant in the numerical analysis, but 

it is shown how the resulting data can be used in 
cases for which conductivity depends upon the 
temperature. 


THE ACETYLENE DECOMPOSITION FLAME 
AT PRESSURES BETWEEN 2 AND 10 ATMOS- 
PHERES. G. A. McD. Cummings and R. A. M. 
Straker. Gt. Brit., RPE TN 185, Nov., 1959. 
16 pp. 13 refs. Measurement of the burning ve- 
locity of a laminar acetylene flame propagating in 
a glass tube. Brightness temperatures are also 
determined for the pressure range. The burning 
velocity of the flame falls off markedly as the 
pressure is reduced from 10 to 2 atm. Gas ana- 
lyses indicate that, as the pressure is reduced, 
the amount of acetylene which does not react 
increases progressively, and the temperature 
measurements establish that radiation loss is 
appreciable. The intrinsic heat loss associated 
with incompleteness of reaction and the radiation 
loss from the hot carbon particles appear to be 
of the same order of magnitude as the limit of 
flame propagation is approached. 


THE EFFECT OF PRESSURE ON THE MECHA- 
NISM AND SPEED OF THE HYDRAZINE DECOM- 
POSITION FLAME, G. K. Adams and G. B. Cook 
Comb. & Flame, Mar., 1960, pp. 9-18. 10 refs. 
Study of the hydrazine decomposition flame reac- 
tion, approximated by a simple one-center chain 
reaction with the termination step of second order 
in radicalconcentration. The differential equations 
of flame propagation for this reaction scheme are 
solved byan unsteady state method programed fora 
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digital computer. The results presented are the 
radical concentration/temperature distributions 
and space integral reaction rates for a range of 
final flame temperatures and pressures. These 
show that with the values of the reaction rate 
constants proposed, the radical concentration is 
significantly different from that given by the radi- 
cal stationary state approximation at all total 
pressures below 100 atm. However, if the termi- 
nation reaction is assumed to be third order in 
total pressure, this approximation is valid in the 
limit of high preBsure. 


VTOL & STOL 


EXPERIMENTAL INVESTIGATION OF A 
MEANS OF OBTAINING INDEPENDENT CONTROL 
OF LIFT AND DRAG IN LANDING APPROACH, 

J. L. Stalter and R. K. Wattson, Jr. U. Wichita 
Dept. Eng. Res. Final Rep. 315-5 [AD 216110], 
Apr., 1959. 60 pp. Army-sponsored wind-tunnel 
investigation made to determine the possibility of 
controlling the lift and drag of fixed-wing STOL 
aircraft independently. The mechanism of control 
is a combination of circulation control by blowing 
and wing flap deflection, varied simultaneously or 
individually. The independent control of lift and 
drag is shown to be possible within the limits nec- 
essary to provide steady landing approaches with 
glide angles between 6° and 18°, and with approach 
lift coefficients as high as 4.4. A choice exists as 
to whether change of flap deflection, circulation 
control power, or both, may be chosen to effect 
this approach angle correction. The application 
of the wind-tunnel data to the analysis of a class 
of hypothetical transport aircraft shows that the 
system investigated is compatible with STOL pro- 
peller aircraft geometries and powers. 


OVER-WATER ASPECTS OF GROUND-EF- 
FECT VEHICLES. R. E. Kuhn, A. W. Carter, and 
R. O. Schade. IAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-14. Members, $0. 50; non- 
members, $1.00. 15pp. 14 refs. Description of an 
investigation of operations over water made in a 
hydrodynamic towing tank. The effects in hovering 
are primarily the generation of a large amount of 
spray and a reduction in hovering height for a 
given weight due to the displacement of the water 
by the base pressure. The spray problem, however, 
can be reduced appreciably by the addition of spray 
deflectors. The stability characteristics change 
appreciably over water. At low forward speeds, 
the ground-effect vehicle tends to trim in a noseup 
attitude due to the slope of the displaced water 
surface beneath the configuration. As speed is 
increased, the noseup trim reaches a peak and, 
with further increase in speed, the trim angle de- 
creases. A drag force will be experienced due to 
noseup trim because of the rearward inclination 
of the lift vector. Operation at forward speed 
over swells results in a vertical oscillation of the 


vehicle that is greater than the wave height at 
wave-passage frequencies approximately equal to 
the static natural frequency of the vehicle in verti- 
cal motion. 
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pressure vessel, designed to meet these conditions 
are discussed. 


Research of Satellite Orbits. Tech. News 
Bul., Jan., 1960, p. 26. Presentation of a simple, 
direct approach, based on an analysis by Vinti, 
for including the effects of the earth’s oblateness 
in the calculation of satellite orbits. 


Some Aspects of a Three-Body Problem. G. 
K. Oertel and S. F. Singer. (U. Md. Phys. 
Dept. Rep., Mar., 1959.) Astronautica Acta, 
Fasc. 6, 1959, pp. 356-366. Analysis of the 
motion of a particle in the field of two nonrotat- 
ing mass centers whose separation remains 
fixed. 

Gravitational Torque on a Satellite of Arbi- 

Shape. R. A. Nidey. ARS J., Feb., 
1980, pp. 203, 204. Derivation of gravitational 
torque making use of vector analysis that neglects 
the nonspherical distribution of mass in the 
earth but is formulated for an arbitrary mass dis- 
tribution in the satellite. 


Equations of Perturbed Motion in the Kepler 
Problem. A. I. Lur’e. (Prikl. Mat. i Mekh., 
Mar.-Apr., 1959, pp. 412, 413.) PMM— 
Appl. Math. & Mech., No. 2, 1959, p. 588-591. 
Translation. Presentation of equations of per- 
turbed motion of a planet. The derivation is 
based on the direct application of the method of 
variation of parameters. 


Perturbation Approach to the Effect of the 
Geomagnetic Field on a Charged Satellite. H. 
R. Westerman. ARS J., Feb., 1960, pp. 204, 
205, 


Kiinstliche Erdsatelliten und Raumfahrt. 
Il—Aufbau der Satelliten und Mondsonden. 
Cc. W. M. Tilenius. VDI Zeitschrift, Jan. 21, 
1960, pp. 85-92. In German. Description 
of various satellites and discussion of their 
instrumentation. The satellites studied are 
Explorer I, III, and IV; Vanguard I and II; 
Sputnik I, II, and III; and Score. 


Mercury Capsule and Its Flight Systems. 
M. A. Faget. (JAS 28th Annual Meeting, New 
York, Jan, 25-27, 1960, Paper 60-34.) Aero/ 
Space Engrg., Apr., 1960, pp. 48-53, 58. 


Satellites and Meteorology. H. Wexler. WMO 
Bui., Jan., 1960, pp. 2-7. Evaluation of the 
likely contribution of satellites to weather fore- 
casts and to the basic knowledge of atmos- 
pheric physics. The polar and the equatorial 
orbits, and systems of high-flying and low-flying 
satellites are discussed. Possible satellite ob- 
servations of radiation, cloud cover, and vertical 
temperature profiles, are discussed. 


Navigation 


The Pure-Analytic Approach to Inertial Guid- 
ance Design. Space/Aeronautics, Mar., 1960, 
pp. 157-161. Design study of an inertial guid- 
ance system by the pure-analytic approach. 
The gimbal system, temperature stabilization, 
alignment, electric and electronic design, and 
miniaturization factors are covered. 

Electronic Aids 

Special Issue: The Place of Automation in 
Navigational Methods. Inst. Navigatwn J., 
Jan., 1960, pp. 13-108. 41 refs. Partial Con- 
tents: The Limitations of Airborne Dead Reckon- 
ing Today, E. W. Anderson. The Information to 
be Displayed on an Automatic System in the Air, 
W. H. McKinlay. Radio Techniques for Auto- 
matic Systems in the Air, J. R. Mills. Inertial 
Methods in Hybrid Navigation Systems, D. F. 
Adams. The Use of Radio Sextants in Automatic 
Navigation Systems, C. M. Cade. Self-Con- 
tained Polar Navigation, E. S. Pedersen. The 
Role of the Computer in Automatic Naviga- 
tion, P. A. Houghton and J. H. R. Lewis. Height 
Information from Doppler Navigators, G. E. 
Bec! A Roller Map Equipment, G. Wikken- 
hauser. The Human Versus the Automatic Navi- 
gator, A. M. A. Majendie. 


Bearing Errors in Medium Frequency Auto- 
matic Direction Finders. ; . Sharples. 
Marconi Rev., 4th Quart., 1959, pp. 225-233. 

Doppler-Intertial Navigation System for Jet 
Transports. L. S. Reel. (SAE Nail. Aero. 
Meeting, Los Angeles, Oct. 5-9, 1959, Preprint 
NIV.) SAEJ., Feb., 1960, pp. 70-72. Abridged. 
‘Mscussion of a Doppler-inertial navigation 
system supplying continuous, automatic, and 
accurate information on aircraft attitude, ground 
velocity, present position, distance to destination, 
and distance to the left or right of desired ground 
track. The elements of the system and its opera- 
tion, as well as some adaptations to the require- 
ments of a supersonic jet transport, are studied. 

The Marconi Automatic Plotter. D. W. G. 
Byatt. Marconi Rev., 4th Quart., 1959, pp. 
215-224. Description of a device which auto- 


matically plots the fixes from a network of direc- 
tion finders. 


Operational Applications of VHF Direction 
ers. S. A. W. Jolliffe. Marconi Rev., 
4th Quart., 1959, pp. 199-214. Discussion of 
factors limiting the accuracy of the ground-based 
F direction finder used as an aid to aircraft 
navigation. 
Some Factors in the Design of VHF Automatic 
Direction Finders. S. A. W. Jolliffe. Marconi 
Rev., 4th Quart., 1959, pp. 168-198. Discus- 


sion of reasons for direction finding in the VHF 
band and the need for an automatic display of 
bearings. 

Kursanzeigehler bei UKW-Drehfunkfeuern. 
Karl Barner. W, Jan., 1960, pp. 8-17. In 
German. Presentation of an explanation for site 
error of ground installed VHF beacons. Re- 
flecting objects in the vicinity of the gound instal- 
lation are a considerable source of error, as they 
act as secondary radiators distorting the primary 
information on the azimuth given by the beacon. 

Frequency Selection for Airplane ‘‘Road 
Markers.’’ Tech. News Bul., Jan., 1960, p. 13. 
Survey of the problems in assigning operating 
frequencies to radio transmitters. Studies in 
automatic computation methods are mentioned. 


Nuclear Energy 


Pebble Bed Nuclear Reactors for Space Vehicle 
Propulsion. M. M. Levoy and J. J. Newgard. 
(IAS 28th Annual Meeting, New York, Jan. 25- 
27, 1959, Paper 60-39.) Aero/Space Enegrg., 
Apr., 1960, pp. 54-58. 13 refs. 


Radiation Pressure Confinement, the Shock 
Pinch and Feasibility of Fusion Propulsion. M. 
V. Clauser and E. S. Weibel. Space Tech. Lab. 
PRL Rep., 1959. 12 pp. 11 refs. Discussion 
of research work on two approaches to the control 
of the fusion reaction. The containment of a 
plasma in a cavity by means of a radiation field 
is analyzed, the work on nonadiabatic heating is 
described, and the feasibility of thermonyclear 
rocket propulsion is examined. 


Radiation-Resistant Fluids and Lubricants. 
W. L. R. Rice, D. A. Kirk, and W. B. Cheney, 
Jr. Nucleonics, Feb., 1960, pp. 67-71. 23 refs. 
Survey of results obtained on several solid-film 
lubricants, greases, and fluids having good radia- 
tion resistance and high-temperature stability. 


Izmenenie Adsorbtsionnykh Svoistv Silikagelia 
pod Deistviem Gamma-Oblucheniia. S. V. 
Starodubtsev, Sh. A. Abliaev, and S. E. Ermatov. 
AN SSSR _ Dokl., Nov. 1, 1959, pp. 72, 73. In 
Russian. Determination of the change in ad- 
sorptive properties of silica gel under the effect 
of gamma rays. 


AVENUE TO THE 
RIGHT MOTOR... 


110 Volt DC servo motor 
designed with maximum 
torque-to-inertia ratio for 
tape reel drive on com- 
puters. Frame 5% x 6 


24 Volt DC aircraft motor for 
windshield wiper drive. Includes 
radio interference filter. 

Frame 212 x 1/2 


Totally enclosed 
submersible 24 
volt DC motor 
for tank ventilat- 
ing fan drive. 
Frame 5x 2% 


Rigid and detailed testing 
assure desired performance 


Thorough study by our engineering department of your product 
and its operating conditions enables us to design a Lamb® motor 
that will meet your exact requirements. 


After rigid and detailed testing, we then mass produce the motor 
to obtain the most favorable cost. 


May we discuss these advantages of Lamb motors with you? 


WRITE FOR 
YOUR COPY... 


8-page folder describes 
these and other Lamb 
Electric motors. 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER MOTORS 
THE LAMB ELECTRIC COMPANY « KENT, OHIO 


A Division of American Machine and Metals, Inc. 


In Canada: Lamb Electric — 


Division of Sangamo Company Ltd. — Leaside, Ontario 


May 1960 + Aero/Space Engineering 171 


— 
id 
1a 
: 
i 
© 
4 
& 
a 
D 
3 
. 


Photography 


Some Recent Progress in Air Survey with Par- 
ticular Reference to Newly-Developed Terri- 
tories. W.P. Smith. (/5th Brit. Commonwealth 
Lecture, London, Nov. 19, 1959.) RAeS J., Jan., 
1960, pp. 1-23. 16 refs. Included are such 
topics as: progress in aerial surveying cameras; 
aircraft and navigational methods; various 
applications; and airborne electronic aids de- 
signed to reduce the need for ground frame- 
work control. 


O Kontrole Vyravnivaniia Aeroplenki v 
Polete. E. P. Arzhanov. MVO SSSR VUZ 
Izv. Geodez. i Aerofoto., No. 1, 1958, pp. 107-112. 
In Russian. Description of a method for con- 
trolling the flattening of film during the process of 
aerial photography. 


Opredelenie Parametrov§ Korrektsionnykh 
Krivykh dlia Avtomaticheskogo Vvedeniia De- 
tsentratsii. L. N. Vasil’ev.§ MVO SSSR VUZ 
zv. Geodez. i Aerofoto., No. 1, 1958, pp. 101-106. 
In Russian. Study covering the determination 
of parameters of correction curves for the auto- 
matic introduction of decentrations. 


Uravnivanie Prostranstvennykh Fotogram- 
metricheskikh Setei, Postroennykh na Priborakh 
Universal’nogo Tipa (Stereoplanigraf). V. I. 
Pavlov. MVOSSSR VUZIz20. Geodez. i Aerofoto., 
No. 1, 1958, pp. 65-78. In Russian. Evaluation 
of methods for adjusting aerial triangulation nets 
obtained on such instruments as the stereoplani- 
graph. 

Geometricheskaia Interpretatsiia Osnovnogo 
Uravneniia Geodezicheskoi Linii na Ellipsoide i 
Nekotorye Prakticheskie Vyvody. G. V. Bag- 
ratuni. MVO SSSR VUZ Izv. Geodes. i Aero- 
foto., No. 1, 1958, pp. 23-27. In Russian. Dis- 
cussion of the geometrical interpretation of the 
basic formula for the geodetic line on an ellip- 
soid and presentation of some practical con- 
clusions. 


Photographing Information Pulses by Means 
of an Electroluminescent Light Source. F. C. 
Court. Gt. Brit., RAE TN T.D. 48, Nov., 1959. 
9 pp. Description of a method of recording elec- 
trical pulses representing digital information, 
by causing direct field excitation of an electro- 
luminescent sample, the light from which is 
focused onto cine film. Examples of pulsed a.c. 
and transient recording are given together with 
characteristics of the electroluminescent ma- 
terial. 


Physics 


On the Variation Principle in the Kinetic 
Theory of Dense Gases. I. Terutosi Mura- 
kami. Phys. Soc. Japan. J., Jan., 1960, pp. 
60-69. Extension of the variational principle 
in the kinetic theory of gases to the case of a 
dense gas made of rigid-sphere molecules with 
finite radius. The solution of Enskog’s first 
approximation equation for the dense gas is 
derived from the variational principle. 


Primenenie Metoda Monte-Karlo v Statisti- 
cheskoi Fizike. I. Z. Fisher. Usbekhi Fiz. 
Nauk, Nov., 1959, pp. 349-369. 20 refs. In 
Russian. Analysis of the basic principles of the 
Monte-Carlo method and survey of results ob- 
tained from its application in the theory of crys- 
tals, liquids, and dense gases. 


The Probability Distribution of the Velocities 
of Gas Molecules After Collision with a Rapidly 
Moving og Body. Petr Beckmann. Czech. 
J. Phys., No. 5, 1959, pp. 557-561. Presentation 
of a method for determining the probability 
distribution of the absolute value of the vector 
sum of a constant vector and a Maxwell vector. 
This problem is encountered in the case involving 
the collision of molecules of the atmosphere with 
an artificial earth satellite. Equations are pre- 
sented for the probability density, the comple- 
ment to the distribution function, the mean value, 
and the variance. 


Nekotorye Voprosy Elektronnoi Teorii Metal- 
lov. I—Klassicheskaia i Kvantovaia Mekhanika 
Elecktronov v Metallakh. I. M. Lifshits and M. I. 
Kaganov. Uspekhi Fiz. Nauk, Nov., 1959, pp. 
419-458. 28 refs. In Russian. Discussion of 
some problems in the electron theory of metals 
covering the geometry of isoenergetic electron 
surfaces, classical particle mechanics with a ran- 
dom dispersion law, collision of quasi-particles and 
scattering, quasi-classical energy levels, quantum 
mechanics of electrons with a random dispersion 
law, and quantum theory of electron scattering. 


Infrared Fundamentals and Techniques. L. J. 
Neuringer. Elec. Mfg., Mar., 1960, pp. 101-128. 
23 refs. Presentation of the theory involved in 
the engineering use of the infrared portion of the 
spectrum. The various laws and principles which 
govern its behavior are discussed. Effect of 
infrared radiation on various materials and the 
materials and devices used in infrared techniques 
are described. 


A Review of Infrared Developments. B. J. 
Howell. Sperry Eng. Reve, Dec., 1959, pp. 
28-38. 11 refs. Survey of the physics of 
emission, detection, and absorption of radiation 
and review of the theory of detectors. Methods 
of noise suppression in infrared systems are in- 
vestigated, and other system design considerations 
are discussed, including the information theory. 
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Astrophysics 
1947. H. Menzel and F. S. Jones. Harvard 


U. HCO ‘Solar Dept. Sci Rep. 3 (AFCRC TN 
59-639), Dec., 1959. 51 pp. 


Geophysics 


Deduction of Vertical Thermal Structure of i 
Planetary Atmosphere from a Satellite. J. I. 
King. (4th Ballistic Missile & Space Tech. 
Symposium, Los Angeles, Aug. 24-27, 1959.) 
G-E MSVD AL TIS R59SD477, Dec. 11, 1959. 
14 pp. USAF-supported presentation, evalua- 
tion, and illustration of an inversion technique 
for deducing the temperature stratification of a 
planetary atmosphere from the variation of the 
emission spectrum with air mass. The method 
consists of an inversion of the integral transform 
of the Planckian temperature taken as a function 
of optical depth. 


Arctic Atmospheric Structure to 250 km. 
H. E. Lagow, R. Horowitz, and J. Ainsworth. 
Planetary & Space Sci., Oct., 1959, pp. 33-38. 
Presentation of atmospheric density, pressure, 
and scale height data obtained by means of three 
rockets fired at Fort Churchill. This program 
demonstrates the existence of large variations in 
the pressure, density, and scale heights of the 
atmosphere above 100 km. 


Atmospheric Absorptions in the Near Infrared 
at High Altitudes. D.G. Murcray, J. N. Brooks, 
F. H. Murcray, and W. J. Williams. OSA J., 
Feb., 1960, pp. 107-112. USAF-sponsored 
presentation of the results of a flight with a bal- 
loon-borne infrared spectrograph. Solar spectra 
of the region from 1 to 5 uw were obtained at alti- 
tudes from 60,000 to 100,000 ft. The atmos- 
pheric absorption data obtained from these spectra 
are compared with theoretical predictions of slant 
path absorptions and with laboratory data for 
constant pressure path. 


Distribution of Infrared Radiance Over a Clear 

ky. E. Bennett, J. M. Bennett, and M. R. 
Nagel. OSA J., Feb., 1960, pp. 100-106. 
22 refs. Description of a series of measurements 
of the distribution of radiance over a clear sky 
made from locations at 1,000, 6,000, and 14,000 
ft. elevation. A method for calculating the ap- 
proximate zenith radiance in terms of the ambient 
temperature and humidity at the observation site 
is given. 

A Theory of the Origin and Geomagnetic Con- 
trol of Two Types of High Latitude E:. J. E. 
a. Planetary & Space Sci., Oct., 1959, pp. 
56-59. 


Geomagnetic and Current Control of E- 
Region coats. J. E. Shaw. Planetary & 
Space Sci., Oct., 1959, pp. 1-9. 17 refs. 


Vertical Transport of Electrons in the F 
Region. Sushil Chandra, J. J. Gibbons, and E. 
R. Schmerling. Penn. State U. IRL Sci. Rep. 
4d —— TN 59-659), Oct. 1, 1959. 44 pp. 
18 refs. 


Reduction and Processing of F-Layer Propa- 

tion Data. Appendix—Methods Used in 

eparing the Data. P. M. _ LaTourrette. 
Stanford U. SEL RPL Sci. Rep. 4 (AFCRC TN 
59-202), Dec. 15,1958. 68pp. 15 refs. 


Rezul’taty Izmereniia Magnitnogo Polia Zemli 
na Kosmicheskoi Rakete. S. Sh. Dolginov 
and N. V. Pushkov. AN SSSR Dokl., Nov. 1, 
1959, pp. 77-80. In Russian. Survey of results 
on the terrestrial magnetic field measured from a 
cosmic rocket. Includes description of the in- 
strumentation used, as well as comparison of 
experimental results with theoretical data. 


The Number of Spicules in the Middle Chro- 
mosphere. R. G. aner., (Astrophys. J., Jan., 
aye Pp. 164-171.) U. Col. HAO Sci. Rep. 11 
(AFCRC TN 59- 289) [AD 215278], July, 1959. 
8 4 Reprint. Presentation of statistics on 
the number of Ha spicules observed at the solar 
limb for heights of 3,000 km. and above. The 
observed numbers are analyzed to obtain the 
spatial distribution of spicules. 


Three Variations in the Intensity of Cosmic 
Radiation in the First Half of 1958. J. Hladky, 
P. Chaloupka, V. Kadetéka, T. Kowalski, and 
P. Mokry. Czech. J. Phys., No. 4, 1959, pp. 
432-438. 13 refs. Presentation of the results 
of measurements of the intensity of cosmic radia- 
tion, carried out in connection with the Inter- 
national Geophysical Year. The time courses 
are given, the measuring apparatus is described, 
and the energies of the particles recorded are re- 
estimated. 


Problems in the Interpretation of Cosmic Ray 
Nuclear Interactions. Kurt Sitte. Czech. J. 
Phys., No. 3, 1959, pp. 271-287. 44 refs. Dis- 
cussion of the difficulties in the interpretation of 
high-energy nuclear interactions. Explanations 
are suggested on the basis of successive or com- 
posite nucleon-nucleus collisions, 


Experiment Luxembourg. G. C. Rumi and C. 
G. Little. U. Alaska Geophys. Inst. Sci. Rep. 
1 (AFCRC TN 59-400) |AD 216316], Dec., 
1958. 51 pp. 29 refs. Discussion of the theo- 
retical aspects of a radio wave interaction experi- 
ment designed to determine the electron collision 
frequency and the electron density as a function 
of height in the arctic D region. 
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A Study of the Morphology of Jonospheric 
Storms. S. Matsushita. (J. Geophys. Res, 
Mar., 1959, pp. 305-321.) U. Col. HAO Sg’ 
Rep. 14 (AFCRC TN 59-408) [AD 216697}. 
July, 1959. 17 pp. 34 refs. Reprint Study 
of the variations of the maximum electron number 
density in the ionospheric F2 layer during mag- 
netic storms. Storm-time variations and dis- 
turbance daily variations are obtained. 

The Formation of the D Region of the Iono- 
sphere. M. Nicolet and A. C. Aikin. Peny, 
State U. IRL Sci. Rep. 125 (AFCRC TN 60- 213), 
Nov. 1, 1959. 40 pp. 47 refs. Study of the 
ionization processes in the D region of the iono- 
sphere. Radiations of solar origin and cosmic 
rays, and their ionizing effects, are investigated, 
The negative ion to electron ratio is studied and 
solar flare conditions are explained. 

Mass-Spektrometricheskie Izmereniia Ionnogo 
Sostava Verkhnei Atmosfery na Tret’e em Iskusst- 
Zemli. V. Istomin. 
AN SSSR Dokl., Nov. 1, 1959, pp. 81-84. In 
Description of mass-spectrometric 
measurements of the ionic composition of the 
upper atmosphere from the third artificial earth 
satellite. 


Power Plants 


Non-Propulsive Power for Advanced Vehicles, 
R. W. Curran. Space/ Aeronautics, Mar., 1960, 
pp. 42-44. Analysis of factors which determine 
the selection of nonpropulsive power systems for 
manned and unmanned extraatmospheric vehi- 
cles. Typical load profiles for a variety of space 
missions are shown, and the advantages of dif- 
ferent power systems are reviewed. 


Supersonic Transport Auxiliary Power Systems, 
John Woodward. Western Av., Feb., 1960, pp. 
10, 11, 18, 37. Presentation of a ‘‘typical” 
supersonic transport aircraft and of a ‘“‘typical” 
commercial mission. Flight controls, utility 
systems, and hydraulic hardware are studied, 
Some of the factors in accessory power selection 
are discussed. 

Generatsiia Gaza dlia Vspomogatel’nykh 
Sistem Letatel’nykh Apparatov. V. E. , 
MVO SSSR VUZ Izv. Av. Tekh., No. 1958, pp. 
87-94. In Russian. Comparative Sheet of 
various methods for generating high-temperature 
and high-pressure gases used in aircraft auxiliary 
systems. 


Fuel Cells for Space Vehicles. M. G. Del 
Duca, J. M. Fuscoe, and T. A. Johnston. As- 
tronautics, Mar., 1960, pp. 36, 38, 40, 42, 44. 
Description of the dynamics and components of 
the fuel-cell system. The reactants selected for 
this purpose, the choice of the type of external 
energy source, adaptation measures for the opera- 
tion in zero-g, and reliability measures are dis- 
cussed. 


How Close is a Practical Plasma Rocket? 
K. R. Stehling. Space/ Aeronautics, Mar., 1960, 
pp. 50-54. 10 refs. Review of design elements 
of a plasma rocket. Working fluids, power sup- 
plies, materials, ionization and accelerating de- 
vices, heat transfer, and plasma flow are discussed. 
Outlook for future development and applications 
is assessed. 


Jet & Turbine 


Internationai Powerplant Data. The Aeroplane 
& Astronautics, Feb. 12, 1960, pp. 197-201. 
Presentation, in tabular form, of performance and 
design characteristics of the world’s turbine, 
ram-jet, rocket, and reciprocating engines. 


The Viper Family. Bristol Siddeley J., Winter, 
1959-1960, pp. 48-52. Discussion of the Viper 
engines as an illustration of the best basic design 
available within the limits set by familiar ma- 
terials and conventional processes. It is pointed 
out that such a relatively cheap engine offers 
maximum development potential. 


Powerplant Survey. I A. G. Smith. The 
Aeroplane & Astronautics, Feb. 12, 1960, pp. 
190-193. Discussion of design trends, both past 
and future, for jet engines. Problems include 
compressor mismatching, types of blade sections, 
rotor vibrations, cooling, and materials selection. 


Powerplant Survey. II—Ducted Fans for 
VTOL and STOL Aircraft. Neville Quinn. The 
Aeroplane & Astronautics, Feb. 12, 1960, pp. 
194, 195. Brief description of the design char- 
acteristics of a ducted fan engine and discussion of 
its application to a single-seat strike aircraft and 
a VTOL transport. 


Powerplant Survey. IlI—Types of VTOL 
Engines Compared. H.Pearson. The Aeroplane 
& Astronautics, Feb. 12, 1960, p. 196. Abridged. 
Comparison between direct jet- and fan-lift 
engines concluding that jet-lift engines are as good 
as the fan-lift type for VTOL use and will be 
simpler to install while weighing less. 


The Future of Aine’ Engines in Avia- 
tion. S. G. Hooker. (IME 1959 James Clayton 
Lecture, London, Dec. 16, 1959.) Bristol Siddeley 
J., Winter, 1959-1960, pp. 38-42. Abridged. 
Discussion of the operational and performance 
advantages of ducted fan engines including their 
use in airliners. The concept of ram-jets in supet- 
sonic airliners is also discussed. A survey of 
trends in aircraft construction is included. 
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ACold Turbine Ejector Engine. 
Aeronautics, Feb., 1960, pp. 38, 39. 1 : 
of a new form of gas turbine engine, in which the 
turbine is relieved of high gas temperatures. A 
summary of previous efforts to solve the high gas 
temperature problem is included. 


Gas Turbines for Helicopters. 


L. G. Cramp. 
Presentation 


A. W. Morley 
and W. R. Cushing. Am. Helicopter, Jan., 1960, 
pp. 6-8, 21. Discussion of various applications of 
the gas turbine to mechanical drives for heli- 
copters. 

Examination of the Idling and Starting of Low 
Capacity Gas Turbines. E. Pasztor. Periodica 
Polytech., No. 1, 1959, pp. 43-61. | Study of idling 
and starting conditions by alteration of the work- 
ing cycle. Only the most simple working cycle of 
two adiabatic curves and constant pressure with- 
out heat exchanger is considered. 


Vibration Measurement in Gas Turbine Blades. 
D. A. Morley. Instruments & Control Systems, 
Feb., 1960, pp. 254-257. Description of prelimi- 
nary experimental vibration and stress investiga- 
tions to determine the frequency of vibration to be 
expected and the limits that will be allowable 
during testing. The electronic instrumentation 
is discussed. 


Issledovanie Vibratsii Turboreaktivnykh Dviga- 
tele. M. E. Levit. MVO SSSR VUZ I2p. Av. 
Tekh., No. 1, 1958, pp. 143-149. In Russian. 
Description of experimental investigations made 
to determine the vibrations of turbojet power 
plants. 


Sovmestnye Kolebaniia Diskov Valov i Lopatok 
Rotorov Turbokompressornykh Mashin i Kriti- 
cheskie Chisla Oborotov. D. V. Khronin. 
MVO SSSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
171-178. In Russian. Study of the combined 
vibrations of rotor shafts, discs, and blades in a 
turbocompressor. The solution is obtained on 
the basis of the dynamic rigidity concept. 


O Kolebaniiakh Neravnomerno Nagretykh 
Diskov Turbomashin. V. A. Strunkin. MVO 
SSSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
165-170. In Russian. Study of the fan vibra- 
tions of rotating, nonuniformly heated turbine 
discs of constant thickness. 


Konstruktivnoe Dempfirovanie Kolebanii Ton- 
kostennykh Obolochek Tipa Korpusnykh Detalei 
GTD. A. M. Soifer and V. P. Filekin. MVO 
SSSR VUZ Izv. Av. Tekh., No. 1, 1958, pp. 
158-164. In Russian. Evaluation of the method 
of structural damping for thin-walled shells of the 
type similar to gas-turbine component housing. 


Rocket 


Expansion of Liquid-Oxygen RP-1 Combustion 
Products in a Rocket Nozzle. F. S. Simmons. 
ARS J., Feb., 1960, pp. 193, 194. Presentation 
of gas temperature measurements at the nozzle 
exit of a rocket motor, made over a wide range in 
propellant mixture ratio. The assumption of 
nozzle flow process consisting of a frozen com- 
position expansion with additional burning is 
shown to be in reasonable accord with the ob- 
served motor performance. 


Chemical Nonequilibrium Effects on Hydrogen 
Rocket Impulse at Low Pressures. J. G. Hall, 


A. Q. Eschenroeder, and J. J. Klein. (Cornell 
Aero. Lab. Rep. AD-1118-A-8, Nov., 1959.) 
ARS J., Feb., 1960, pp. 188-190. USAF- 


supported research. 


K Voprosu o Prochnosti Kamery Sgoraniia 
ZHRD so Sviazannymi Obolochkami. S. A. 
Dubenets. MVO SSSR VUZ Izv. Av. Tekh., No. 
1, 1958, pp. 133-142. In Russian. Presentation 
of theoretical data on the strength of liquid rocket 
combustion chambers having attached tubes. 

Gamma; bBritain’s Proven Space Engine. 
Bristol Siddeley J., Winter, 1959-1960, pp. 27-29. 
Developmental history of the Gamma rocket 
engine, used in Black Knight research vehicles. 
New techniques developed in connection with this 
engine are presented—i.e., drying out of the 
oxidant system with hot air, a nitrogen purge of 
the fuel injectors, and a new way of measuring the 
alignment of the thrust axes of individual 
chambers. 

Otsenka Vnutrennikh Poter’ vy Kamere ZHRD 

. V. Kvasnikov. MVO SSSR VUZ Izv. Av. 
Tekh., No. 1, 1958, pp. 95-105. In Russian. Pre- 
sentation of a system for evaluating internal losses 
in liquid rocket engines, based on the application 
of thermodynamic analyses and simple experimen- 
tal data. 

Rocket Test Stand Challenge. B. F. Rose, Je. 
Astronautics, Mar., 1960, pp. 28, 29,78. Discus- 
sion of the problems to be met in the construction 
of a test facility which will meet both present and 
future requirements. A test-stand design project 
1s presented. 


Production 


Making a High-Thrust Rocket Chamber. 
Astronautics, Mar., 1960, pp. 34, 35, 44. Discus- 
Sion covering the design and construction features 
of a recently developed high-thrust liquid rocket 
chamber, as well as the fabrication procedure used. 
The thrust chamber combines exceptional design 


weight. and strength with relatively light 


Metalworking 


Sandwich Sheets Are Now Produced at 50 sq ft 
per min. J. W. Scheuch. (SAE Natl. Aero. 
Meeting, Los Angeles, Oct. 5-9, 1959, Preprint 
99V.) SAEJ., Feb., 1960, pp. 75,76. Abridged. 
Presentation of some of the properties of ‘‘Space- 
metal.’”’ The core is half hard with beaded sides 
for additional flatwise compressive strength. 
The core forming machine and the welder, where 
corrugated core and facing sheets are joined, are 
described. 


Adhesive-Bond Testing; Portable Instrument 
for the Non-Destructive Testing of Glued 
Aircraft Prod., Feb., 1960, pp. 


High Energy Forming; Use of Hydrodynamic 
Properties to Shape Metals with the Dynapak 
Machine Tool. S. R. Carpenter. (//th Western 
Metal Congr., Los Angeles, Mar. 18, 1959.) 
Aircraft Eng., Feb., 1960, pp. 53, 54. Discussion 
of the high energy rate machine tool facilitating 
an economic shaping of steel tungsten, columbium, 
sintered nickel, and other metals. 

Explosive Forming; A Consideration of Basic 
Principles and Phenomena. Aircraft Prod., 
Feb., 1960, pp. 62-65. 14 refs. Analysis of the 
velocity of strain propagation, covering the 
longitudinal as well as transverse waves. Critical 
impact velocity and the causes of brittle-failure 
are studied. 


Cryogenic Sizing Freezes Accuracy Into 
Hardenable Stainless Steel. C. . Jung. 
Prod. Eng., Feb. 15, 1960, pp. 61-63. Presenta- 


tion of a low cost process, called cryoforming, for 
removing distortion from parts made from com- 
plex PH steels. The method, offering close 
tolerances, utilizes metallurgical transformation 
occurring during heat-treating. During this 
pliable phase, the distorted steel reforms to the 
precise dimensions in which it is being constrained. 


Significance of Surface Preparation in Cold 
Pressure Welding. L.R. Vaidyanath and D. R. 
Milner. Brit. Welding J., Jan., 1960, pp. 1-6. 
Discussion of various types of surface treatment 
and determination of the bond strength character- 
istics of aluminum and copper at room tempera- 
ture after such treatments. 


Welded Titanium Case for Space-Probe Rocket 
Motor. A. J. Brothers, R. A. Boundy, H. E. 
Martens, and L. D. Jaffe. Welding J., Mar., 
1960, pp. 209-214. Army-supported discussion 
of the fabrication of a titanium-alloy motor case. 
The nature and scope of the problems peculiar to 
the use of the titanium alloy, which effects an 
average weight saving of 34 per cent, are de- 
scribed. 

The Effect of Oxygen Additions to the CO»- 
Shielded Metal Arc. A. A. Smith. Brit. 
Welding J., Jan., 1960, pp. 15-19. 

Special Issue: The Electric Arc in Welding. 
(3rd Arc Physics Conf., Birmingham, June 25, 
1959.) Brit. Welding J., Feb., 1960, pp. 71-128. 
80 refs. Partial Contents: Introductory Survey, 
E. C. Rollason. Are Characteristics and Their 
Significance in Welding, D. R. Milner, G. R. 
Salter, and J. B. Wilkinson. Gas Absorption 
from Arc Atmospheres, G. R. Salter and D. R. 
Milner. Metal Transfer in Inert-Gas Shielded- 
Are Welding, J. C. Needham, C. J. Cooksey, and 


D. R. Milner. Heat Transfer from Arcs, J. B. 
Wilkinson and D. R. Milner. 
Tooling 


Plastic Tooling. I—Composition of Tooling- 
Mixes and Working Properties: Methods of 
Duplication Casting. Aircraft Prod., Feb., 1960, 
pp. 66-74. 

Curved Jaws; Simple, Hydraulically-Operated 
Segmental Grippers for Stretch-Forming. Air- 
craft Prod., Feb., 1960, pp. 78-80. 

Epoxy Dies for Explosive Forming. B. J. 
Bryan. Tool Engr., Feb., 1960, pp. 97-102. 
Evaluation of explosive forming for shaping com- 
plex sheet-metal parts in one operation. 


Research, Research Facilities 


White Sands Missile Range. W. E. Laidlaw. 
Sperryscope, 4th Quart., 1959, pp. 7-9. De- 
scription of the range, the available test facilities, 
and the experimental techniques used. 

The Orfordness Large Universal Gun Mount- 
ing. H.E. Payne. Gt. Brit., RAE TN T.D.45, 
F.T.414, Aug., 1959. 7 pp. 

Acceleration Generators. A. B. Kaufman. 
Instruments & Control Systems, Feb., 1960, pp. 
240-245. Survey of five methods used to develop 
an acceleration for testing equipment and for 
calibrating accelerometers. The types of com- 
mercial equipment are covered. 

Servo-Controlled Rocking Table Checks Gyro 
Stability. Angus Eggleston. Appl. Hydraulics 
& Pneumatics, Feb., 1960, pp. 96-98. Descrip- 
tion of an _ electrohydraulic servomechanism 
controlling paired cylinders to actuate a two-axis 
rocking table. 


Rocket Sleds, Tracks 


Probe 


Waterbrake Investigations. R. 
Walker. 


USAF FTC TN 59-27, Nov., 1959. 
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analytical, 
systems, 
components 
engineers 


CHECK THESE OPENINGS 
IN FLIGHT CONTROLS WITH 
HONEYWELL AERONAUTICAL 


Honeywell introduced the first 
successful electronic autopilot in 
1941—the C-1 of World War II. 
Since, we have produced more flight 
control systems than any other com- 
pany and have developed concepts 
in flight controls that are now 
standard in this field. Today, most 
top aircraft and missiles are equip- 
ped with Honeywell flight controls. 
Honeywell’s Flight Control Systems 
Group has expanded steadily and 
now has openings for the following: 


ANALYTICAL ENGINEERS— must be 
capable of simulating (mathe- 
matically on paper or computers) 
characteristics and problems in 
missiles and aircraft control, 
stability, and control systems. 
Should have good math back- 
grounds with analog computer 
experience. 


SYSTEMS ENGINEERS—should be 
capable of interpreting analyti- 
cal results into navigation, guid- 
ance, or flight control systems. 
Should be electrical engineers 
experienced in systems—ideally, 
with experience in flight control 
in the aviation industry. 


COMPONENTS ENGINEERS—should 
be electronics men with empha- 
sis on transistor circuitry. Will 
be responsible for designing com- 
ponents which go into the sys- 
tem. Must have circuitry design 
experience. 


To discuss these or other openings, 
write Mr. Bruce D. Wood, Dept. 
612A, Aeronautical Division, 1433 
Stinson Blod., Minneapolis 13, Minn. 


Honeywell 
Group 


To explore professional opportunities 
in other Honeywell operations coast 
to coast, send your application in con- 
fidence to H. K. Eckstrom, Minne- 
apolis 8, Minnesota. 
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BI-STABLE SYSTEM HIGHLIGHTS 
ae CECO HOT GAS DEVELOPMENTS 
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ANDLER EVANS CORPOR 


NOT GAS ACTUATION 
SYSTEM IN CECO’S 
sI-STABLE MODE IS 


more accurate 
* insensitive to solid fuel contaminants 


To position a mechanical load in response to 
an electrical command with minimum error, 

= CECO has developed solid-fueled hot gas actu- 
ator systems operating in a bi-stable mode. 


in a closed-loop arrangement, increasing the Much of CECO's hot "gas system and component development work is 
system gain to the point of infinite gain pro- — carried out in a special facility comprised of the above control room 
duces bi-stability, ie, the servo valve can and its associated test cells. 

assume only two positions: fully closed in 
either direction. Maximum corrective torque is 
thereby applied to the load for all errors. With 
infinite gain, the system will sustain steady- 
state, limit-cycle oscillation, and the average 
steady-state error is zero. This is significant 


in systems with large stiction loads, since pro- Shown mounted in 
portional controls of conventional philosophy a test rig, this 
permit larger errors before stiction torque is CECO hot gas 
overcome. system was 

designed for 
Among applications for CECO’s limit-cycle, bi- control-surface 
Stable philosophy is thrust-vector control. A actuation. 


fepresentative portion of such a system is 
shown schematically at the left. This design 
itilizes push-pull actuators. The bi-stable 
motor, valving and actuators are an integral 
unit. One large servo-actuator positions the 
mechanically-linked pitch nozzles, while two 
smaller actuators position the remaining noz- 
ties in response to yaw and roll commands. 


Familiarity with systems engineering and with precision 
manufacturing for aircraft and missiles has served CECO 
well in its extensive work with hot gas servo control 
CECO’s experimental development program systems. 

has demonstrated that because of its inherent 
aecuracy and insensitivity to contaminants, Both actuation and reaction systems have been designed, 
the bistable control is more reliable than developed and produced for use with high-pressure hot gas 


other proportional configurations for solid fuel generated from either solid or liquid propellants. 
applications. 


An up-to-the-minute, color-slide presentation containing 
TYPICAL PERFORMANCE OF A BI-STABLE CONTROL technical data and a review of hot gas component and 


system hardware development activity at Chandler Evans 
is currently available. To arrange to have this presentation 


CK 
ENT 


RESPONSE TO given before an engineering group in your company, call 
T SIME WAVE or write your nearest CECO Field Engineering Office. 
IZLE 4 
RESPONSE 
TO RAMP 
| FIELD ENGINEERING OFFICES 
| WEST COAST 
RESPONSE | William B. Gurney 
ind L | 7046 Hollywood Boulevard 
INPUT mts at Hollywood 28, California gasr coast \ 
| | MID-wEsT Robert M. Campbell CECO 
sponse of this system to sine, ramp and step inputs (while | Kenneth L. Moan Chandler Evans Corporation SYSTEMS 
pg @ conventional torquemotor) is illustrated. With new com | Room 305 Charter Oak Boulevard i ~x CONTROLS 
ponents being readied, limit-cycle amplitudes of one-tenth of i Spitzer Building West Hartford 1, Connecticut => ‘ 
| 


one degree are expected. Toledo 4, Ohio — 


IN 
ANGULAR POSITION VS. TIME og 
4 


53 pp. Description of tests conducted with flat 
and 90° wedge-shaped probes. The feasibility 
of using empirical data obtained from constant 
width probe waterbrakes of a given cross-sectional 
shape to predict the braking force of a variable 
width*probe waterbrake is investigated. 


Wind Tunnels 


Analysis and Wind Tunnel Investigation of 
Some Ram Tunnel Operating Characteristics. 
Rudolf Hermann, K. O. Thompson, and L. T. 
Banner. USAF MDC TR 59-35, Aug., 1959. 
66 pp. 12 refs. Theoretical and experimental 
investigation of the starting time for a ram tunnel. 
The condensation phenomenon, as it would affect 
operation of the ram tunnel in selected ambient 
track conditions, and a ‘‘direct expansion nozzle,” 
with and without a diffuser constituting a simpli- 
fied ram tunnel, are investigated. The forces 
acting on, and the pressure distribution over, the 
surface of a ducted body above a simulated track 
trough plane are experimentally determined. 


Half Model Testing in Wind Tunnels. J. A. 
van der Bliek. (Canada, NAE LR 235, Jan., 
ook Can. Aero. J., Feb., 1960, pp. 59-68. 

refs. 


A Progress Report on the University of 
Southampton Hypersonic Gun Tunnel. Appen- 
dix I—Notes on the Use of Microwaves to 
Measure Piston Displacement and Velocity. 
Appendix II—Bursting Pressure of Pure Alumin- 
ium Diaphragms. K. N. C. Bray, L. Penne- 
legion, and R. A. East. Gt. Brit., ARC CP 457 
(Nov. 20, 1958) 1959. 31 pp. BIS, New York, 
$0.81. Presentation of a description of the con- 
struction of the tunnel and the instrumentation 
that was developed for it, together with some 
preliminary measurements designed to test the 
steadiness and uniformity of the flow. 


The Imperial College Hypersonic Gun Tunnel 
August 1958-July 1959. J. L. Stollery, D. J. 
Maull, and B. J. Belcher. RAeS J., Jan., 1960, 
pp. 24-32. Review of the progress made with 
the hypersonic gun tunnel. The tunnel and 
instrumentation are described together with the 
results of various measurements made both in the 
barrel and in the working section. 


An Experimental Investigation of Hypersonic 
Stagnation Temperature Probes. Appendix A— 
Thermocouple Conductive Heat Transfer. Ap- 
pendix B—Thermocouple Radiation Heat Trans- 
fer. Appendix C—Base Conductive Heat Trans- 
fer. Appendix D—Shield Conductive Heat 
Transfer. Appendix E—Fabrication Technique. 
R. D. Wood. GALCIT HRP Memo. 50, July 
15, 1959. 90 pp. 40 refs. Army-supported 
presentation of test results showing that the 
typica! decrease in probe recovery factor observed 
for decreasing Reynolds number appears to be 
related to a decrease in the base temperature and 
not to the wire conduction loss as commonly 
assumed. No single calibration parameter was 
found that could relate the experimental recovery 
factors under all conditions. 


Use of Fiber Light Pipes with Magnetically 
Driven Shock Tubes. Eugene Feild and E. F. 
Tubbs. Rev. Sci. Instr., Jan., 1960, p. 64. 


Simulation of Rain in a Blower Tunnel. G. C. 
Abel. Gt. Brit., AAEE Rep. Tech/170, Oct. 20, 
1959. 9 pp. 


Rotating Wing Aircraft, Helicopters 


Annual Review of Rotary Wing Aircraft. Am. 
Helicopter, Jan., 1960, pp. 11-20. Presentation 
of design and performance characteristics of 37 
helicopter types. 


The VERTOL 107 Model II. AHS Newsletter, 
Feb., 1960, pp. 2-12. Presentation of the design, 
structural, performance, and systems characteris- 
tics of the tandem-rotor transport helicopter. 


First Design Details of Vertol YHC-1B. R. 1. 
Stanfield. Av. Week & Space Tech., Feb. 15, 
1960, pp. 120-123, 125, 127-135 (ff.). Survey of 
the design, estimated performance, and system 
characteristics of the tandem-rotor, turbine- 
powered medium transport helicopter with a 
normal gross weight mission of two tons internal 
payload. 


Finding an Obstacle Sensor for Copter Flight. 
R. P. Wakeman and Walton Graham. Space/ 
Aeronautics, Mar., 1960, pp. 122-126. Study of 
the specifications of an obstacle sensor for a 
helicopter with a top speed of 200 knots. Nine 
types of sensors are examined; eight are dismissed 
because of inherent limitations. A system built 
around a V-band radar is discussed. 


Operational Equipment. World Helicopter & 
Vertical Flight, Sept.-Oct., 1959, pp. 162, 164. 
Description of all-weather navigation aids and 
instruments for helicopters. 


High Altitude Take-Off and Landing Tests of 
the H-37A Equipped with Narrow Chord Blades. 
J. D. Davidson and W. R. Lake. USAF FTC 
TN 59-41, Dec., 1959. 06 pp. Presentation of 
test results showing that operation of the aircraft 
was satisfactory at 28,000 Ibs. at altitudes up to 
11,500 ft. Operation at maximum gross weight 
(31,000 lbs.) was not considered satisfactory at the 
11,500 ft. site due to blade stall encountered under 
these conditions. Both “hovering” and “rolling” 
take-off techniques were investigated at altitude 


and gross weight combinations where the hovering 
performance of the aircraft would permit. 

Power for the Rotors. World Helicopter & 
Vertical Flight, Sept.-Oct., 1959, pp. 160, 161. 
Description of some jet and reciprocating engine 
installations for helicopters. 

Turbosupercharger for Power to Spare. V. J. 
Mecca. Flight Mag., Dec., 1959, pp. 37, 38. 
Description of a supercharger for the Bell 47G3, 
Franklin power plant. 


Opredelenie Form i Chastot Izgibno-Kru- 
til’nykh Kolebanii Lopasti Vertoleta s Pomo- 
shch’iu Matrits. M.B.Vakhitov. MVOSSSR 
VUZ Izv. Av. Tekh., No. 2, 1959, pp. 39-48. 
In Russian. Determination of the shape and 
frequency of bending-torsional oscillations of 
helicopter rotors, and description of the method of 
calculation. 


Static-Stability Measurements of a Stand-On 
Type Helicopter with Rigid Blades, Including a 
Comparison with Theory. Appendix A—Devel- 
opment of Drag and Pitching-Moment Equations 
for a Rigid Rotor. Appendix B—Development of 
Equations for the Static-Stability Derivatives of a 
Rigid Rotor for Changes in Shaft Angle a, 
Forward Velocity V, and Rotor Tip Speed OR. 
Appendix C—Development of Expressions for 
Induced Velocity and Induced Velocity Deriva- 
tives from Momentum and Blade-Element Con- 
siderations. G. E. Sweet. U.S.. NASA TN 
D-189, Feb., 1960. 50 pp. Study made in a 
full-scale tunnel on a small stand-on type heli- 
copter in low-speed forward flight in order to 
determine man’s capabilities in controlling the 
platform by body motions. The results include 
measurements of forces and moments, and static- 
stability derivatives determined from _ these 
measurements. Pitching moments and _ static- 
stability derivatives for the isolated rotors, as 
deduced from the helicopter measurements, are 
compared with rigid-rotor theory. 


Criteria for Control and Response Characteris- 
tics of Helicopters and VTOL Aircraft in Hovering 
and Low-Speed Flight. R.J. Tapscott. IAS 28th 
Annual Meeting, New York, Jan. 25-27, 1960, 
Paper 60-51. Members, $0.50; nonmembers, 
$1.00. 7 pp. Discussion of the effects of various 
control power (angular acceleration per unit con- 
trol deflection) and angular velocity damping on 
pilot’s ability to perform precision tasks during 
hovering and low speed. A variation of the 
criteria with aircraft size is presented. 


The Rotorcraft in Warfare. L. M. Chassin. 
Interavia, Dec., 1959, pp. 1495-1497. 


Helicopter Rotor Model Research at Massa- 
chusetts Institute of Technology. John Zvara 
and N. D. Ham. (4th Internatl. Aero. Congr. 
on Rotary Wings & Vertical Flight, Paris, June 
15-19, 1959.) AHS J., Jan., 1960, pp. 24-30. 
Presentation of model techniques for investigating 
rotor aeroelastic problems. The following were 
investigated by this technique: (1) rotor blade 
rigid flapping, feathering, and in-plane motion; 
(2) rotor blade frequency response to arbitrary 
inputs; (3) rotor hub vertical shears; (4) rotor 
hub in-plane shears; and (5) rotor blade flutter for 
various root restraints and chordwise c.g. loca- 
tions. 


Safety 


Handling Propellants Safely. L. D. Weber. 
SAE J., Feb., 1960, pp. 44, 45. Abridged. 
Summarized survey of safety factors in the han- 
dling of liquid oxygen, hydrazine, liquid hydrogen, 
liquid fluorine, nitrogen tetroxide, and_ solid 
propellants. It is pointed out that effective 
training of all personnel is a necessity for the safe 
handling of propellants. 


Adsorption of Halogenated Fire Extinguishing 
Agents on Powders. A. J. Barduhn, B. S. Patel, 
Walter Meyer, and B. B. Smura. U.S., NASA 
TR R-51, 1960. 62 pp. 28 refs. 


Structures 


Bars & Rods 


Wplyw Ostabienia Preta na Site Krytyczng 
w Zakresie Sprezysto-Plastycznym. Mitosz 
Wnuk and Michal Zyczkowski. Rozprawy 
Inzynierskie, No. 3, 1959, pp. 311-336. 23 refs. 
In Polish, with summaries in English and Russian. 
Calculation of the critical force for axially com- 
pressed bars clamped at one end and weakened in 
the neighborhood of that end. 

The Torsion of Elastic Cylinders with Regular 
Curvilinear Cross Sections. W. A. Bassali. 
J. Math. & Phys., Jan., 1960, pp. 232-245. 16 
refs. Application of the Cauchy integral method 
to the solution of torsion problems. The method 
provides a means of analyzing the distribution of 
stresses in slots and keyways of shafts. 


Beams & Columns 


Beam-Columns with Elastically Restrained 
Ends. A. S. Niles. J. Aero/Space Sci., Apr., 
1960, pp. 316, 317. 

Uproszczone Wyznaczanie Ugiecia Belki w 
Pewnych Przypadkach Ustalenia jej Koficéw. 
Maciej Sokoltowski. Mechanika, No. 2, 1955, 
pp. 103-116. In Polish. Study covering the 
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bending of beams subject to fatigue along the 
edges. Examples are presented to illustrate the 
method. 


Connections 


Predicting the Creep Strength of Joints 
Randolph Hawthorne. Space/ Aeronautics, Mar. 
1960, pp. 99-102. Presentation of methods to 
calculate the time to creep rupture and to allow. 
able deformation for built-up structures. 


Cylinders & Shells 


On an Elastic-Plastic Problem of the Eccentric 
Circular Cylinder. I—Basic Assumptions; 
Method of Elastic and Plastic Solutions; Elastic 
Problem. II—Plastic and Elastic-Plastic Prop. 
lems. W. Olszak. Acad. Pol. Sci. Bul., Tech 
Sct. Ser., No. 11, 1959, pp. 617-639. 27 refs 


The Thick Elastic Spherical Shell Under Cop. 
centrated Torques. J. H. Bramble. London 
Math. Soc. Proc., 3rd Ser., Oct., 1959, pp. 492-502, 
USAF-supported derivation of stress functions for 
a shell subjected to concentrated torques at the 
end-points of the diameter. Extensive use js 
made of the fact that the stress function is closely 
related to an axially symmetric harmonic func- 
tion, defined in a seven-dimensional space. 

Podstawy Ogélnej Teorii Powtok. Jerzy 
Leyko. Mechantka, No. 1, 1953, pp. 39-63. In 
Polish. Derivation of vector equations in the 
general theory of thin elastic shells. 


Uraveneniia Pologikh Trekhsloinykh Obolochek 
s Legkim Zapolnitelem pri Konechnykh Sme- 
shcheniiakh. V. F. Karavanov. MVO SSSR 
VUZ Izv. Av. Tekh., No., 1, 1958, pp. 69-77. 
In Russian. Generalization of previously ob- 
tained results on finite deformations of rectangular 
sandwich plates and extension to the case of 
shallow shells. Equations are derived for shells 
composed of three layers and filled with a light, 
elastic, and isotropic medium. 


A Method of Analysis for Axially Symmetrical 
Shells with Constant Meridional Curvature. P. 
J. Palmer. Quart. J. Mech.& Appl. Math., Nov., 
1959, pp. 431-442. Development of a method 
of solution for stresses in pressurized corrugated 
ducting. 


On the System of Differential Equations of 
Equilibrium of Shells of Revolution Under Bend- 
ing Loads. V.S.Chernin. (Prikl. Mat. i Mekh., 
Mar.-Apr., 1959, pp. 258-265.) PMM—Appl. 
Math. & Mech., No. 2, 1959, pp. 372-382. 
Translation. 

Relation Between Dislocations and Concen- 
trated Loadings in the Theory of Shells. K. F. 
Chernykh, (Prikl. Mat. i Mekh., Mar.-Apr., 
1959, pp.. 249-257.) PMM—Appl. Math. & 
Mech., No. 2, 1959, pp. 359-371. Translation. 
Presentation of a theory of dislocations in which 
quantities are introduced to directly characterize 
the deformation of a normal element related toa 
given arbitrary line in the middle surface. This 
permits the determination of the displacement 
vector and the separation from the stress function 
of the nonsinglevalued parts related to the non- 
selfequilibrated loadings on the contours of the 
multiply connected regions. 


K Teorii Obolochek Srednei Tolshchiny. 
Kh. M. Mushtari and I. G. Teregulov. AX 
SSSR Dokl., Oct. 21, 1959, pp. 1144-1147. In 
Russian. Development of the theory of shells 
based on the principle of potential displacement 
which leads to the derivation of equilibrium equa- 
tions. The method is used to solve the problem 
of boundary conditions in the theory of thick 
plates and shells. 


The Stress Concentration Factors in Cylindrical 
Tubes with Transverse Circular Holes. T 
Jessop, C. Snell, and I. M. Allison. Aero. Quart., 
Nov., 1959, pp. 326-344. Investigation including 
measurements of the maximum stress in tension, 
bending, and torsion. The results are presented 
graphically and show that in all cases the maxt- 
mum stress occurs inside the bore of the hole. 


Deformirovannoe Sostoianie Skladchatoi Sinu- 
soidal’noi Obolochki (Kompensatora). N. » 
Kurdin. AN SSSR Otd. Tekh. Nauk Izv. Mekh.i 
Mashinostr., Sept.-Oct., 1959, pp. 149-153. In 
Russian. Study covering the state of deforma 
tion of a corrugated sinusoidal shell of revolution 
subjected to symmetrical loading due to internal 
pressure and torsional stresses applied along the 
edges. The shell is nonuniformly heated along 
the thickness and has no radial displacements 
over the notches. 


Eksperimental’noe Issledovanie Karkasirovan- 
noi Krugovoi Tsilindricheskoi Obolochki 
Bol’shim Priamougol’nym Vyrezom pri Izgibe 
Sosredotochennoi Siloi. S. I. Galkin, V. 
Kabanov, and S. S. Liashenko. MVO SSSR 
VUZ Izv. Av. Tekh., No. 2, 1959, pp. 49-61. In 
Russian. Experimental investigation of reit- 
forced circular cylindrical shells with a large rec 
tangular cutout subjected to bending due te 
concentrated forces. 


Calculation of Orthotropic Conical Shell for 
Arbitrary External Load, Using the Method of 
V. Z. Viasov. V. A. Sibiryakov. (Mt O SSSR 
VUZ Izv. Av. Tekh., Mar.-Apr., 1959, pp. 72-82.) 
ARS J. Suppl., Jan., 1960, pp. 78-82. Transla- 
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Elasticity & Plasticity 

Comparison of Flow Lines in Various Types of 
Rheological Bodies. S.Ch. Das. Can. J. Phys., 
Jan., 1960, pp. 32-37. Investigation of the 
nature of flow in Bingham bodies compressed by 
means of parallel rigid approaching plates. 


On the Stress Distributions Due to Force Nuclei 
in an Elastic Solid Bounded Internally by a 
Spherical Hollow and in an Elastic Sphere. 
Derek Collins. ZAMP, Jan. 25, 1960, pp. 3-16. 
10refs. Presentation of (a) expressions for stresses 
due to a force nucleus acting at a point of an 
infinite unbounded solid and (b) expressions for 
the additional stresses which can be added to the 
previous ones to give the stress distribution due to 
the nucleus in a solid containing a spherical hollow, 
these expressions being infinite series of spherical 
harmonics. 


On the Conditions at Elastic Wave Fronts 
Propagating in a Nonhomogeneous Medium. A. 


A. Gvozdev. (Prikl. Mat. i Mekh., Mar.-Apr., 
1959, pp. 395-397.) PMM—Appl. Math. & 
Mech., No. 2, 1959, pp. 556-561. Translation. 


Study of the character of the displacements near 
the wave front, which moves in an ideally elastic 
nonhomogeneous medium. Fronts with such 
discontinuities may correspond to sources of 
waves with a time dependence of the step force 
type (Heaviside functions), or an integral of it. 


Fracture iv Solids. J. J. Gilman. Sci. Am., 
Feb., 1960, pp. 95, 96, 98-104 (ff.). Review and 
elaboration of Griffith’s theory of crack propaga- 
tion. Imperfections in the orderly arrangement 
of atoms are shown to cause cracks under a stress 
that is insufficient to break the interatomic bonds. 
The speed of sound is found to be the maximum 
velocity of fracture propagation. 


Probabilistic Theory of Plastic and Brittle 
Behaviour of Quasi-Homogeneous Materials. 
J. Murzewski. Acad. Pol. Sci. Bul., Tech. Sci. 
Ser., No. 11, 1959, pp. 611-649. Discussion of 
the general relationships between the mean values 
of small strains and the values of the moduli of 
elasticity and strength, which are regarded as 
random variables. Functional (one-valued) re- 
lations are considered. 


Stress Distributions Within Solids of Revolu- 
tion. Avtar Singh, ZAMM, Dec., 1959, pp. 
484-495. Study of the problem of axially sym- 
metric stress distribution within semi-infinite, 
transversely isotropic solids bounded by one or 
two cones. A formal solution is obtained by 
means of the Mellin transform. The problem of 
semi-infinite solids under uniform normal loading 
applied over a circular area is used as an illustra- 
tive example, and the results in the special case of 
isotropy are shown to agree with previously ob- 
tained data. 


Propagation of Large Amplitude Waves in 
Annealed Aluminum. J.F. Bell. J.Appl. Phys., 
Feb., 1960, pp. 277-282. 12 refs. Experimental 
study of large amplitude compression waves in 
annealed aluminum for the case of constant 
velocity impact and discussion relating it to the 
strain rate independent theory of one-dimensional 
plastic wave propagation. Radial effects in the 
first diameter, propagation velocities, maximum 
strain, and energy considerations are studied. 


On a Possible Manner of Establishing the 
Plasticity Relations. V.D.Kliushnikov. (Prikl. 
Mat. i Mekh., Mar.-Apr., 1959, pp. 282-291.) 
PMM—Appl. Math. & Mech., No. 2, 1959, pp. 
405-418. Translation. Presentation of a theory 
of plasticity which includes the concept of the 
angular point. The application of the principle 
of independent response in any form is avoided, 
and the assumptions necessary for the derivation 
of the “‘stress-strain’’ relationship are outlined. 


Plates 


A Photographic Method for Determining the 
Defiected Shapes of Buckled Plates. Chia- 
Yao Yuan and D. D. Vasarhelyi. Trend in 
Eng., Jan., 1960, pp. 13-15. Presentation of a 
method for avoiding the difficulties encountered 
in the method using direct dial gage measure- 
ments. Procedures and deflection calculations 
are covered. 


Ein Beitrag zur Dynamik der Kreismembran. 

ax Hieke. ZAMM, Dec., 1959, pp. 476-483. 
In German. Application of the Dirichlet dis- 
continuous factor to the integration of an in- 
homogeneous differential equation for the 
deflection of a circular membrane. 


Plates with Holes 


v 

Tenkaé Kruhové Deska na Pruzném Podkladu. 
Cyril Héschl. Aplikace Matematiky, No. 2, 
1958, pp. 115-123. 13 refs. In Czechoslovak, 
with summaries in English and Russian. Simpli- 
fication of the calculations of deformations, 
Stresses, and inner momenta of a thin homo- 
Seneous plate with a concentric hole, subjected 
toa rotationally symmetric load and resting on 
an elastic foundation. The Bessel functions of 
a complex variable are expressed in the polar 
form, The calculation of deformations and 
Stresses in the tube-sheet of a heat exchanger is 
also discussed. 


Sandwich Construction 


Sandwich Construction with Resin-Reinforced 
Glass Fiber Balsawood. Naegel, R. 
Eppler, and H. Langer. (Luftfahrttechnik, 
Sept., 1958, pp. 258-262.) Soaring, Jan., 1960, 
pp. 6-9. 


Flexural Vibrations of Elastic Sandwich 
Plates. Yi-Yuan Yu. (Polytech. Inst. Bklyn. 
Dept. Mech. Eng. TN 3, Mar., 1959.) J. Aero/ 
Space Sct., Apr., 1960, pp. 272-282, 290. USAF- 
supported research. 


Testing Methods 


Exploratory Studies in Three Dimensional 
Photo-Thermoelasticity. Herbert Tramposch 
and George Gerard. NYU Coll. Eng. Res. Div. 
TR SM 59-5 (AFOSR TN 59-1069), Sept., 1959. 
58 pp. 10 refs. Development of a technique 
which utilizes an embedded polariscope consisting 
of two sheets of polarizing material cemented 
within the models. The technique is shown to 
apply particularly to axisymmetric bodies, and 
the resulting fringe patterns are readily inter- 
preted. 


Péttrepanacyjna Por6wnawcza Metoda Pomiaru 


Naprezen. Zbigniew Orlo’ and Zdzistaw Dylag. 
Rozprawy Inéynierskie, No. 1959, pp. 
337-359. In Polish, with summaries in Eng- 


lish and Russian. Discussion of the prin- 
ciple of the comparative half-trepanation method 
of stress measurement in structural elements. 


Thermal Stress 


Temperaturnye Napriazheniia v Uprugom Diske 
Postoiznnoi Tolshchiny. S. A. Shesterikov. 
AN SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashi- 
nostr., Sept.-Oct., 1959, pp. 177-179. In Rus- 
sian. Determination of stresses in a circular disc 
of constant thickness for the case of temperature- 
dependent elasticity modulus. The calculation 
is based on the assumption of a steady tempera- 
ture distribution. 


Izmerenie Temperaturnykh Napriazhenii. Iu. 
A. Pykhtin and V. D. Ronzin. MVO SSSR VUZ 
Izv. Av. Tekh., No. 2, 1959, pp. 151-155. In 
Russian. Presentation of experimental results 
and evaluation of a method for measuring ther- 
mal stresses by means of thermocompensated 
strain gages over the temperature range of 0° 
to 180°C. 


Wings 


Torsion Analysis of Multicell Tubes. F. W. 
Niedenfuhr. J. Aero/Space Sci., Apr., 1960, 
pp. 308, 309. Analysis to determine the equi- 
librium position of a membrane loaded with 
—- pressure and having specified boundary 
values. 


Thermodynamics 


Tables of Thermodynamic Properties of Air 
Including Dissociation and Ionization from 
1,500°K to 15,000°K. Joseph Hilsenrath, Max 
Klein, and H. W. Woolley. USAF AEDC TR 
50-20, Dec., 1959. 148 pp. 21 refs. 


On the Application of the Principle of Corre- 
sponding States to the Thermal Conductivity of the 
Gaseous State. Zdenék Losenicky. Czech. 
J. Phys., No. 3, 1959, pp. 399, 400. 


Absorption Coefficients for High-Temperature 
Nitrogen, Oxygen, and Air. B. H. Armstrong 
and R. E. Meyerott. Phys. Fluids, Jan.-Feb., 
1960, pp. 188-140. 


Combustion 


Study of Ultra High Temperatures. A. V. 
Grosse and C. S. Stokes. Temple U. Res. Inst. 
Final Rep. (AFOSR TR 59-168), Apr. 30, 
1959. 26 pp. 31 refs. Summary of methods 
for obtaining, containing, and maintaining 
high temperatures. | Various physical and 
chemical phenomena at high temperatures were 
studied and temperatures up to 5,050°K. 
were attained. 


Erosive Combustion of Colloidal Powders. 
P. Tavernier and J. Boisson. (Chimie & Indus- 
trie, No. 5, 1957, pp. 487-493.) Gt. Brit., MA 
TIL/T4891, Dec., 1959. 10pp. Translation. 


Zavisimost’ Skorosti Turbulentnogo Goreniia 
ot Laminarnoi Skorosti i Temperatury Goreniia. 
A. S. Sokolik and V. P. Karpov. AN SSSR 
Dokl., Nov. 1, 1959, pp. 168-171. 11 refs. 
In Russian. Study to determine the dependence 
of the rate of turbulent burning upon the laminar 
rate and temperature. 


Recent Advances in Condensed Media Detona- 
tions. S. J. Jacobs. ARS J., Feb., 1960, pp. 
151-158. 102 refs. Survey covering the prop- 
erties of detonation products, theoretical and 
experimental hydrodynamics, and the initiation 
of reaction in detonations. 


(Continued on page 180) 
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INERTIAL 
SYSTEMS 
DEVELOPMENT 


..... there are opportunities at 
Honeywell Aero for the engineer 
or scientist who is interested in 
participating in this growing 
field of technology. While spe- 
cific inertial systems experience 
is desirable, you may also be 
qualified by your background 
and/or related experience for 
activities in the inertial systems 
development at this time. Spe- 
cific openings include: 


SYSTEMS ANALYST 


Mathematician or 


strong background in vector analy- 
sis, operational calculus, matrix al- 
gebra and related techniques. To 
carry out analysis of inertial sys- 
tems configurations including error 


evaluation. 


DIGITAL SYSTEMS AND 
LOGIC DESIGNER 


Familiar with digital 
niques at current state of the art; 
capable of organizing computing 
systems to perform various tasks in- 
cluding logical design and critical 
parameter specification. 


ELECTRONIC ENGINEER 


Electrical engineering degree plus 
in miniaturized 
conductor electronics 
To design servo, pickoff, and other 
electronics for use with gyros and 


experience 


accelerometers. 


ENGINEERING PHYSICIST 


Physicist with practical and theo- 
retical understanding of mechanics, 
magnetism and electricity to analyze 
and develop inertial sensors of novel 
and original design. 


To discuss these or other openings, 
0. 
Engineer, Marine Systems Group, 
Dept. 612B, Aeronautical Division, 
1433 Stinson Blvd., Minneapolis 13, 


write Mr. 


Minn. 


Honeywell 
Wetting 


To explore professional opportunities in 
other Honeywell operations coast to coast, 
send your application in confidence to 
H. K. Eckstrom, Honeywell, Minneapolis 


8, Minnesota. 


engineer 


Maze, 


logic tech- 


development. 


with 


semi- 


Chief 


Aero/Space Engineering 


177 


| 

ats, 
ar., 
to : 
trie 
stic 
don 
for 
the 
sely 
>. 
i 
y 
the 
gular 
hells 
trical 
Nov., 
thod 
rated 
end- 
fekh.., 
A ppl. 
ncen- | 
Apr. 
4 

f the 
chiny. ff 
AN 

In 
shells 
shells 
ement 
equa- 
tie 
thick 
\drical 
H, T 

7 

i 


compact heat exchangers of 
conventional or platular design 
for heating or cooling 


precision pneumatic controls 

for bleed-air combine functions 
saving weight and space — 

special contrel specs invited 


air duct couplings and 
supports in sizes up to 36” 

feature metal-to-metal seal, quick 

disconnects, maximum safety 


For a proposal you can rely on 
contact your Janitrol engineering 
representative when your plans call 
for components, pneumatic sub-systems, 
and complete systems for heat transfer 
and air control. Virtually every modern 
aircraft and operational missile incorporates the 
skills that Janitrol translates into practical 
hardware. Janitrol Aircraft, a division 
of Midland-Ross Corporation, 

4200 Surface Road, 

Columbus 4, Ohio 


combustion systems include 
hot fuel prime units, inert gas 
generators and aircraft heaters 


reliable components for missiles / aircraft / support 
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. . . in the field of aeronautical engineering and space technology 


AERODYNAMICS 


Verslagen en Verhandelingen, Nationaal Lucht- 
yaartlaboratorium (Reports and Transactions, 
National Aeronautical Research Institute), Vol. 
21, 1959. Amsterdam, 1959. 125 pp. 

Contents: A Simplified Method for the Cal- 
culation of Three-Dimensional Laminar Bound- 
ary Layers (Report TR F. 184), J. A. Zaat. Cal- 
culation of Aerodynamic Forces on Slowly Os- 
cillating Rectangular Wings in Subsonic Flow 
(Report TN F. 192), A. I. van de Vooren and 
E. M. de Jager. The Influence of Non-Station- 
ary Stability Derivatives on the Snaking Motion 
at High Subsonic Speed (Report TR F. 208), J. 
Ijff. Stability Diagrams for Laminar Boundary 
Layer Flow (Report TN F. 193), R. Timman, 
J. A. Zaat, and Th. J. Burgerhout. Nachpriifung 
der einfachen Rechenmethode fiir dreidimen- 
sionale laminare Grenzschichten mit Hilfe von 
exakten Lésungen (Verification of a Simple 
Method of Calculating Three-Dimensional Lam- 
inar Boundary Layers with the Aid of Exact 
Solutions) (Report TR F. 202), J. A. Zaat (In 
German). Linearized Theory of Lifting Swept- 
back Wings at Sonic Speed (Report TR F. 206), 
W. Eckhaus and E. M. de Jager. 


AERONAUTICS, GENERAL 


FAA Statistical Handbook of Aviation, 1959. 
Federal Aviation Agency. Washington, Supt. 
of Docs., 1959. 140 pp. $0.60. 

This handbook includes all available statistics 
on major civilian aviation activities in the United 
States through December 1958 and presents new 
tables on general aviation flying, developed 
from the survey of aircraft use in 1957, and on 
airmen by categories in each age group. Some 
data are not repeated from earlier editions ow- 
ing to space limitations and obsolescence. 


The Aerospace Year Book, 1960. 41st Annual 
Edition. Fred Hunter, Editorial Director: 
Official Publication of the Aerospace Industries 
Association of America, Inc. Washington, 
American Aviation Publications, Inc., 1960. 
478 pp. $10. 

Previous editions were issued as the Aircraft 
Year Book. This edition contains the following 
material: a pictorial review of the outstanding 
aerospace events of 1959; photographs, specifica- 
tions, and 3-view drawings of planes and engines 
currently in production; photographs and status 
feports on missiles in operation, production, and 
development; a summary of aerospace industry 
and air-line operations for the year; a survey of 
aviation activities in Governmental departments 
and agencies; a digest of aircraft and missile re- 
search and development progress; a chronology 
of American aviation history to the present day; 
and official records established or claimed in the 
United States during 1959. 


FLIGHT PROPULSION 


Project SQUID, Semi-Annual Progress Report, 
October 1, 1959. Princeton, N.J., The James 
Forrestal Research Center, Princeton University, 
1959. 118 pp. 


GROUND EFFECT MACHINES 


Symposium on Ground Effect Phenomena; A 
Compilation of the Papers Presented October 
21-23, 1959. The Princeton University Con- 
ference and the Department of Aeronautical Engi- 
feering in Cooperation with U.S. Army 
TRECOM as Part of the ALART Program. 
Princeton, N.J., Department of Aeronautical 
Engineering, Princeton University, 1960. 391 


Pp. 

Contents: (1) Study of a Current Plan for a 
Ground Effect Platform, P. Poisson-Quinton. 
(2) Research Related to Ground Effect Machines, 
Richard E. Kuhn and Arthur W. Carter. (3) A 
Review of the Princeton Ground Effect Program, 
W. B. Nixon and T. E. Sweeney. (4) Ground 
Cushion Research at the David Taylor Model 
Basin—A Brief Summary of Progress to Date 
and A Preliminary Design Technique for Annular 
Jet G.E.M.’s, Harvey R. Chaplin. (5) Flow 
Phenomena of the Focused Annular Jet, J. C. M. 
Frost and T. D. Earl. Two-Dimensional 
Study of a Low Pressure Annular Jet G.E.M. at 
Forward Speed, Jeffrey Tucker. (7) Laby- 
tinth Seals, Carl Weiland. (8) On the Vertical 
Motions of Edge Jet Vehicles, Marshall P. Tulin. 

Development of a Unique G.E.M. Concept 


with Potential for Achieving Efficient Forward 


Flight, M. F. Gates and E. R. Sargent. (10) 
Test Results of an Annular Jet Ground Effect 
Vehicle, Stephen Silverman. (11) Forward 
Flight Characteristics of Annular Jets, Gabriel D. 
Boehler. (12) Experience with Several Man- 
Carrying Ground Effect Machines, William R. 
Bertelsen. (13) Development of the Saunders- 
Roe Hovercraft SR-N1, R. Stanton-Jones. (14) 
Some Remarks on the English Channel Crossing 
of the Hovercraft-Annular Jets with Deflectors, 
C.S. Cockerell. (15) The Helicopter as a Ground 
Effect Machine, Evan A. Fradenburgh. (16) 
Some Tests of a 7-Foot G.E.M. Dynamic Model 
over Uneven Surfaces, J. Norman Fresh. (17) 
Effect of Vehicle Planform on Augmentation, 
Anibal A. Tinajero. (18) Aerodynamic Char- 
acteristics of a 3-Foot Diameter Powered Annular 
Jet Model, Arthur E. Johnson. (19) Effects of 
Surface Geometry and Vehicle Motion on Forces 
Produced by a Ground Pressure Element, H. C. 
Higgins and L. W. Martin. (20) The Principles 
of Ground Effect Vehicles, Toivo J. Kaario. (21) 
Theoretical and Experimental Research on An- 
nular Jets over Land and Water, Lawrence R. 
Mack. (22) Performance Possibilities of Sub- 
sonic Airplanes Taking-Off and Landing on the 
Ground Cushion, W. Z. Stepniewski. (23) Feas- 
ibility of Ground Effect Airborne Logistics Ve- 
hicles, James E. Loos. (24) The Hovering Per- 
formance of a Two-Dimensional Ground Effect 
Machine over Water, Arthur E. Hirsch, with 
introduction by Lincoln D. Cathers. (25) Test 
Experience and Comments on Air Cushion Ve- 
hicles, National Research Associates. (26) Pro- 
pulsion System Experiments, James E. Sutton. 
(27) The Role of the Ground Effect Vehicle in 
Transportation, Aeronutronic Division of Ford 
Motor Company. (28) Performance Testing of a 
Five-Foot Air Cushion Model, K. G. Wernicke. 
(29) Simplified Momentum Theory Solutions 
for the Augmentation Factor of Hovering An- 
nular Jet Vehicles, Thomas M. Clancy. (30) 
Ground Cushion Flow Visualization Studies, 
Donald G. Sachs. 


LAWS & REGULATIONS 


Aeronautical Statutes and Related Material; 
The Federal Aviation Act of 1958 and Other 
Provisions Relating to Civil Aeronautics. Re- 
vised February 15, 1959. Compiled by the Rules 
and Legislation Division, Civil Aeronautics 
Board. Washington, Supt. of Docs., 1959. 392 
pp. $1.25. 

Included are the Federal Airport Act, the Air 
Mail Act of 1934, the National Aeronautics and 
Space Act of 1958, extracts from Federal acts and 
Executive Orders that effect the aeronautical 
statutes now in force, and the text of the Warsaw 
and other conventions. 


MATERIALS 


Plastics Engineering Handbook of the Society 
of the Plastics Industry, Inc. Edited by Alan F. 
Randolph. 3rd Ed. New York, Reinhold Pub- 
lishing Corp., 1960. 565 pp. $15. 

The present edition contains new material on 
nomenclature, cellular plastics, welding, and the 
use of plastics as adhesives. 


MECHANICS 


Similarity and Dimensional Methods in Me- 
chanics. L, I. Sedov. Translation by Morris 
Friedman from the 4th Russian Edition (Mos- 
cow, 1957). Translation Edited by Maurice 
Holt. New York, Academic Press, 1959. 363 pp. 
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The subject matter has application to a wide 
variety of problems in mechanics, particularly 
in fluid dynamics and should be useful to persons 
concerned with gas dynamics, astrophysics, space 
technology, and atomic energy. It is developed 
from first principles and requires from the reader 
only an elementary knowledge of mathematical 
analysis and fluid dynamics. More advanced 
physical concepts are explained in the book itself. 
Most of the material in Chapter 4, One-Dimen- 
sional Unsteady Motion of a Gas, and Chapter 5, 
Application to Astrophysical Problems, is of re- 
cent origin. References are collected at the end 
of the book and precede the author and subject 
indexes. 


METEOROLOGY 


Atmosphere Diffusion and Air Pollution; 
Proceedings of a Symposium held at Oxford, 


Aug. 24-29, 1958. Edited by F. N. Frenkiel and 
P. A. Sheppard. (Advances in Geophysics, Vol. 
*. New York, Academic Press, 1959. 471 pp. 


Contents: (A) General Survey of Atmospheric 
Diffusion and Pollution: Urban Air Pollution, 
A. J. Haagen-Smit. Meteorological Aspects of 
Radioactivity Pollution, W. G. Marley. General 
Survey of Atmospheric Diffusion, A. S. Monin. 


(B) Recent Findings on Atmospheric Turbu- 
lence: One-Dimensional Spectra of Atmospheric 
Turbulence in the Lowest 100 Metres, H. A. Panof- 
sky and R. J. Deland. Boundary Layer Turbu- 
lence and External Parameters, D. L. Laikhtman. 
Some Current Work on Turbulence in the First 
Few Thousand Feet above Ground, F. Pasquill. 
Measurements of Turbulence Structure near the 
Ground within the Frequency Range from 0.5 to 
0.1 Cycles sec“!, H. E. Cramer. The Isotropic 
Limit and the Microscale of Turbulence, C. H. B. 
Priestley. 


(C) Theory of Turbulent Diffusion: The Pres- 
ent Position in the Theory of Turbulent Dif- 
fusion, Geoffrey Taylor. Description of Turbu- 
lence in Terms of Lagrangian Variables, A. M. 
Obukhov. Statistical Properties of a Fluctuating 
Plume Dispersion Model, F. Gifford. Statistical 
Mechanics and Theoretical Models of Diffusion 
Processes, J. Kampé de Fériet. Diffusion from a 
Continuous Source in Relation to a Finite Ob- 
servation Integral, Y. Ogura. Progress Report on 
Some Turbulent Diffusion Research, S. Corrsin. 
Diffusion of Particles in Turbulent Flow, C. M. 
Tchen. The Dependence of Eddy Diffusivity 
on the Fluid Prandtl Number, Y. Ogura. A 
Random Walk with Both Lagrangian and Eulerian 
Statistics, J. L. Lumley and S. Corrsin. 


(D) Diffusion of Heavy or Finite Particles: 
Physical Considerations on Heavy-Particle Dif- 
fusion, M. I. Yudine. The Turbulent Spread of a 
Falling Cluster, F. B. Smith. 

(E) Transfer Through the Troposphere and 
Stratosphere: The Measurement of Turbulent 
Transfer in the Lower Atmosphere, FE. L. Deacon. 
The Effect of Compressibility on the Turbulent 
Transport of Heat in a Stably Stratified At- 
mosphere, J. O. Hinze. On Reynolds Stress, Tur- 
bulent Diffusion and the Velocity Profile in a 
Stratified Fluid, E. Palm. Wind Profile, Surface 
Stress and Geostrophic Drag Coefficients in the 
Atmospheric Surface Layer, H. H. Lettau. Ver- 
tical Motion and the Transfer of Heat and Mo. 
mentum near the Ground, G. D. Robinson. The 
Frequency Distribution of Vertical Diffusion Co- 
efficients for Vapour at 35m. Height, E. Franken- 
berger. Transport in the Stratosphere and 
through the Tropopause, L. Machta. On the Use 
of Cosmic Ray Produced Isotopes for Studying 
Large-Scale Circulations in the Atmosphere, B. 
Peters. The Use of Tritium in the Study of 
Vertical Exchange in the Atmosphere, B. Bolin. 
Buoyant Transfer in a Stable Environment, R. S. 

rer. 

(F) Effects _of Thermal Stratification on Dif- 
fusion: The Problem of Diffusion in a Stratified 
Fluid, R. W. Stewart. Horizontal Diffusion Due 
to Turbulent Convection, W. V. R. Malkus. 
The Effects of Thermal Stratification on Turbu- 
lent Diffusion in the Atmospheric Surface Layer, 
E. Inoue. 

(G) Pollution Patterns from Point and Area 
Sources: Smoke Propagation in the Surface Layer 
of the Atmosphere, A.S. Monin. Diffusion froma 
Continuous Source in Relation to the Spectrum 
and Scale of Turbulence, J. S. Hay and F. Pas- 
quill. The Emission, Dispersion, and Deposition 
of Ragweed Pollen, A. N. Dingle, G. C. Gill, 
W. H. Wagner, and E. W. Hewson. Analysis of 
Diffusion Studies at O’Neill, M. L. Barad. The 
Rise of Bent-Over Hot Plumes, R. S. Scorer. 
Large-Scale Diffusion from an Oil Fire, R. W. 
Davies. Carbon Dioxide in Study of Medium 
Scale Diffusion, A. Baez P. and E. M. Fournier 
d’Albe. On an Apparent Paradox in the Theory 
of Vertically Rising Jets, F. H. Schmidt. Com- 
parison of Concentration Measurements of Sul- 
phur Dioxide and Fluorescent Pigment, B. Wedin, 
N. Fréssling, and B. Aurivillius. Turbulent Dif- 
fusion in the Surface Layer under Stable Stratifi- 
cation, A. S. Monin. On the Boundary Condi- 
tion on the Earth Surface for Diffusing Pollution, 
A. S. Monin. 

(H) Review and Conclusions: Introductory Re- 
marks by Chairman, Graham Sutton. Lagran- 
gian Correlation and Some Difficulties in Tur- 
bulent Diffusion Experiments, S. Corrsin. Some 
Reflections on the Theoretical Problems Raised 


May 1960 + Aero/Space Engineering 179 


4 
q 
lo, 
2 (3) 
UF ey 
ICAL 
q 
q 
7 
| : 


at the Symposium, G. K. Batchelor. Editors’ 
Review, F. N. Frenkiel and P. A Sheppard. Au- 
thor Index. Subject Index. 


NUCLEAR ENERGY 


Nuclear Fuel Elements. First International 
Symposium on Nuclear Fuel Elements, held at 
Columbia University, N.Y., Jan. 28-29, 1959. 
Cosponsored by Columbia University and the 
Sylvania-Corning Nuclear Corp. Edited by 
Henry H. Hausner and James F. Schumar. New 
York, Reinhold Publishing Corp., 1959. 409 pp. 
$12.50. 

Contents: (1) Fuels for Reactors of the Future, 
W. Kenneth Davis. (2) Solid Fuel Elements— 
Present and Future, Stanley B. Roboff. (3) 
Engineering of Fuel Elements for Low Cost Fab- 
rication and Reprocessing, R. B. Gordon. (4) 
Fabrication Techniques for Various Types of 
Fuel Elements, James F. Schumar. (5) Ura- 
nium and Uranium Alloy Fuel Elements, Frank G. 
Foote. (6) Uranium-Zirconium Hydride Fuel 
Elements, Ulrich Merten, R. S. Stone, and W. P. 
Wallace. (7) Thorium-Type Fuel Elements, 
(8) Plutonium Fuel Elements, 
. E. . (9) Development of Fabrication 
Techniques for APPR Fuel Plates, W. Wein- 
berger. (10) Tubular-Type Dispersion Elements, 
W. A. Maxwell. (11) Fabrication of the ISNSE 
Fuel Element for Low Power Research Reactors, 
H. Bergua, R. Friddle, J. Diaz,and J. Baird. (12) 
High Temperature Fuel Elements, A. Strasser. 
(13) Uranium Dioxide Fuel Elements, O. J. C. 
Runnalls. (14) Development of Ceramic Fuel 
Elements in France, A. Accary and R. Caillat. 
(15) Fuel Elements for Gas-Cooled High-Tem- 
perature Reactors, A. Boettcher. (16) High- 
Temperature Creep of Uranium-Loaded Graph- 
ites, Leon Green, Jr. (17) Fuel Element Fabrica- 
tion and Fuel Element Problems in the U. K., 
H. K. Hardy.. (18) Fuel Element Fabrication 
and Problems for the EL-3 Experimental Reac- 
tor in France, B. de Lasteyrie. (19) Problems of 
Fuel Element Corrosion in Water, J. E. Draley. 
(20) Fuel Element Behavior under Irradiation, 
Leonard W. Kates. Appendix 1, Specifications for 
Army Package Power Reactor (APPR-1) Fuel 
and Control Rod Components. Appendix 2, 
Bibliography on Solid Nuclear Fuel Elements 
(494 references). Index. 


PATENTS 


An Outline of United States Patent Law. 
Richard E. Brink, Donald C. Gipple, and Harold 
Hughesdon. New York, Interscience Publishers, 
Inc., 1959. 280 pp. $7.50. 

Patents & Inventions; An Information Aid for 
Inventors. Patent Office, U.S. Dept. of Com- 
merce. Washington, Supt. of Docs., 1959. 25 
pp. $0.15. 


PHYSICS 


Solid State Physics; Advances in Research and 
Applications, Vols. 8 and 9. Edited by Frederick 
Seitz and David Turnbull. New York, Academic 
Press, 1959. Vol. 8, 519 pp., $13.50. Vol. 9, 
548 pp., $14.50. 

Vol. 8, Contents: Electronic Spectra of Mole- 
cules and Ions in Crystals, Part 1, Molecular 
Crystals, Donald S. McClure. Photoconductivity 
in Germanium, R. Newman and W. W. Tyler. 
Interaction of Thermal Neutrons with Solids, 
L. S. Kothari and K.S. Singwi. Electronic Proc- 
esses in Zinc Oxide, G. Heiland, E. Mollwo, and 
F. Stéckmann. The Structure and Properties of 
Grain Boundaries, S. Amelinckx and W. Dekey- 


ser. 

Vol. 9, Contents: The Electronic Spectra of 
Aromatic Molecular Crystals, H. C. Wolf. Polar 
Semiconductors, W. W. Scanlon. Static Electrifi- 
cation of Solids, D. J. Montgomery. The Inter- 
dependence of Solid State Physics and Angular 
Distribution of Nuclear Radiations, Ernst Heer 
and Theodore B. Novey. Oscillatory Behavior of 
Magnetic Susceptibility and Electronic Conduc- 
tivity, A. H. Kahn and H. P. R. Frederikse. 
Heterogeneities in Solid Solutions, Andre Guinier. 
Electronic Spectra of Molecules and Ions in 
Crystals, Part 2, Spectra of Ions in Crystals, 
— S. McClure. Author Index. Subject 
ndex. 


Wave Propagation and Group Velocity. Léon 
Brillouin. New York, Academic Press, 1960. 
154 pp. $6.00. 

In 1913 Professor Brillouin collaborated with 
Professor A. Sommerfeld at the University of 
Munich in doing research on the question of 
signal velocity in a dispersive medium. The 
results were printed in Annalen der Physik, 
1914. The first chapters of this book contain 
some of these Succeeding chap- 
ters introduce three different definitions of ve- 
locities: A—the group velocity of Lord Rayleigh; 
B—the signal velocity of Sommerfield; and C— 
the velocity of energy transfer, which yields the 
rate of energy flow through a continuous wave and 
is strongly related to the characteristic impedance. 
Some examples are discussed in the last chapter 
dealing with wave guides, and many other cases 
of application of these definitions are quoted. 


RESEARCH 


National Science Foundation; 9th Annual Re- 
port for the Fiscal Year Ended June 30, 1959. 
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(NSF-60-1.) Washington, Supt. of Docs., 1960. 
274 pp. $1.00. 

Annual Report National Academy of Sciences, 
National Research Council, Fiscal Year 1957-58. 
Washington, Supt. of Docs., August, 1959. 200 
pp. $0.55. 


Basic Scientific and Astronautic Research in the 
Department of Defense. Hearings Before the 
Committee on Science and Astronautics and Sub- 
committees Nos. 1, 2, 3, and 4, U. S. House of 
Representatives, 86th Congress, Ist Session. 
June 4, 8, 9, 11, 12, 18, and 19, 1959, and Execu- 
tive Sessions of June 4, 9, 10, and 30, 1959. (No. 
45.) Washington, Supt. of Docs., 1959. 536 
Pp. 

An appendix of 200 pages contains a review of 
the activities of the various corps of the U.S. 
Army. 


SERVOMECHANISMS 


The Servo Engineer’s Handbook. Worcester, 
Pa., Daystrom Transicoil Division, Daystrom, 
Inc., 1959. 128 pp. $3.00. 

The overall treatment is practical rather than 
classical, and rigorous mathematical deriva- 
tions have been avoided wherever possible. Only 
servomechanisms for instrument use are covered, 
which operate at a load power of less than 25 watts. 


SPACE TRAVEL 


Proceedings of Lunar and Planetary Explora- 
tion Colloquium, Vol. 1, No. 5. Held March 18, 
1959, at the Northrop Corp., Hawthorne, Calif., 
Downey, Calif., Missile Division, North Ameri- 
can Aviation, Inc., 1959. 32 pp. 

Contents: The Escape of Planetary Atmos- 
pheres, H. C. Urey. Comparison of Lunar and 
Terrestrial Surface Features, J. Green. Mars or 
Venus?, Warren H. Straly. Results of Pioneer 
IV Flight, A. R. Hibbs. The Venusian Atmos- 
phere, S. H. Dole X-Ray Techniques for 
Probing the Lunar Surface, Edward D. Goldberg. 
Measuring the Venusian Atmosphere by Rus- 
sell’s Method, James B. Edson. 


Proceedings of Lunar and Planetary Explora- 
tion Colloquium, Vol. 1, No. 3. Held October 29, 
1958, at the California Institute of Technology, 
Pasadena, Calif. Downey, Calif., Missile Divi- 
sion, North American Aviation, Inc., 1958. 40 


pp. 

Contents: The Chemistry of the Moon, H. C. 
Urey. Chemical Resources on the Moon, Harri- 
son Brown. Power for a Lunar Colony, Marcus 
O’Day. Where to Land on the Moon, Clyde 
Tombaugh. Observations on Mars and Venus 
R. S. Richardson. Gamma Ray Spectroscopy of 
the Moon’s Surface, James R. Arnold. Program 
of Lunar and Planetary Experiments, S. M. Green- 
field. The Crater Linné, Dinsmore Alter. 


Proceedings of Lunar and Planetary Explora- 
tion Colloguim, Vol. 1, No. 1. Held May 13, 
1958. at Downey, Caiif. Downey, Calif., Mis- 
sile Division, North American Aviation, Inc., 
1958. 25 pp. 

Contents: Scientific Aspects of the Lunar Sur- 
face, Dinsmore Alter. The Physical Character- 
istics of the Lunar Surface, Jack Green. The 
Geological Aspects of the Interior of the Moon, 
Frank Press. Evolution and Nature of the 
Lunar Atmosphere, E. H. Vestine. 
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Reviews 


(Continued from page 177) 


Measurement of the Speed of Prop2gation of 
Turbulent Combustion. K. I. Shchelkin. (AN 
SSSR Otd. Tekh. Nauk Iv. Energ. i Avtom., 
Mar.-Apr., 1959, pp. 137, 138.) ARS J. Suppl., 
Jan., 1960, pp. 76, 77. Translation. Discus- 
sion of the experiments of Bolz and Burlage, 
considered to contain a systematic error due to 
the neglect of the width of the combustion zone. 


Heat Transfer 


Laminar Convection in Uniformly Heated 
Horizontal Pipes at Low Rayleigh Numbers. 
B. R. Morton. Quart. J. Mech. & Appl. Math., 
Nov., 1959, pp. 410-420. 


Heat Transport by Convection. Yoshinari 
Nakagawa. Phys. Fluids, Jan.-Feb., 1960, 
pp. 82-86. 14 refs. ONR-supported study of 


heat transport by cellular convection which 
arises beyond the marginal state of stability in a 
layer of fluid bound between two constant- 
temperature surfaces. 


A Note on the Relation of Biot’s Method in 
Heat Conduction to a Least-Squares Procedure. 
S. J. Citron. J. Aero/Space Sci., Apr., 1960, 
pp. 317, 318. 


Primenenie Sherokhovatosti Poverkhnosti Te- 
ploobmena dlia Umen’sheniia Vesa Teploobmen- 
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nika. A. A. Seleznev. MVO SSSR VUZ Iz, 
Av. Tekh., No. 1, 1958, pp. 106-112. In Russiay 
Evaluation of the applicability of the surface 
roughness principle to reduce the weight of heat 
exchangers. 


How to Use Fuel as a Heat Sink. G. L 
Roth and O. L. Williamson. Space/ Aeronautics, 
Mar., 1960, pp. 56-60. Discussion of basie 
advantages of cooling systems using fuel as the 
final heat sink. Condensing, nonvaporizing, 
fuel-direct, and fuel-boiler systems of this type 
are described and their performance is evaluated 
on a comparison basis. 


Oteplovani Desek a Tyéi Koneiné Délky 5 
Vnitfnim Vyvinem Tepla, pri Jednorozmérném 
Reseni Proudéni Tepla. ArnoSt Kessler. Apli- 
kace Matematiky, No. 3, 1958, pp. 190-222. In 
Czechoslovak. Study of the heating of finite 
plates and columns in the presence of internal 
heat sources as part of the problem of uniform 
heat transfer. 


Steady-State Behavior of Extended Surfaces in 
Space. J. W. Tatom. ARS J., Jan., 1960, pp, 
118, 119. Development of a differential equation 
describing the thermal behavior of a uniform 
extended surface receiving and losing heat by 
radiation alone. The equation is solved for three 
sets of boundary conditions, and a solution is 
indicated for several others. 


VTOL & STOL 


Note on Blade Tip Effects in Shrouded 
Propellers. R. K. Wattson, Jr. U. Wichita 
Dept. Eng. Res. Rep. 333, Jan., 1959. 6 pp. 
Navy-supported review of the behavior of the 
boundary layer on the inner wall of the shroud 
of a ducted fan, and evaluation of its importance 
in shrouded propeller design. 


Preliminary Flight Experiments with the 
Princeton University 20-Ft. Ground Effect 
Machine. W. B. Nixon and T. E. Sweeney, 
Aero/Space Engrg., Apr., 1960, pp. 32-36, 58, 
Army-sponsored discussion of the machine and 
test results achieved with it, pertaining to 
stability, control, and performance. Measure- 
ments of control moments and control rates 
about each of the three axes, measurement of 
augmentation ratio and a comparison with 
theory, and a comparison of the full-scale aug- 
mentation ratio curve with that of a 1/12 scale 
model are made. 


Proposed Design—Travois X2. L. E. Mueller. 
Am. Helicopter, Jan., 1960, pp. 9, 10. Presenta- 
tion of design characteristics of a dual, concentric 
rotor, ducted fan air-jeep. 


The Cost of VTOL. K. B. Gillmore. JAS 
28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-43. Members, $0.50; nonmem- 
bers, $1.00. 16 pp. Review of the weight and 
performance changes resulting from the VTOL 
feature. The conditions under which these 
changes do or do not represent serious penalties are 
indicated. 


USAF Plans Operational Mach 2 VTOL. 
J. S. Butz, Jr. Av. Week & Space Tech., Feb. 1, 
1960, pp. 38, 39, 41, 42, 45, 49. Summary of 
past and present efforts in the development of an 
operational supersonic VTOL fighter. New 
trends in structural and power-plant design are 
discussed. 


The Technique of Transition. Shorts Quart. 
Rev., Dec., 1959, pp. 2-5, 20. Brief description 
of the Short SC.1 control system and discussion 
of the problems of take-off, transition, and land- 
ing. 

The Development of the Piasecki ‘‘Sky-Car.” 
F. N. Piasecki. (SAE Annual Meeting, Detroit, 
Jan. 12-16, 1959.) AHS J., Jan., 1960, pp. 31- 
10. Presentation of developmental history, de- 
sign characteristics, and preliminary flight test 
results for twin ducted-fan VTOL aircraft. 


Water-Based Aircraft 


Hydrodynamic Characteristics of a Planing 
Surface with Convex Longitudinal Curvature and 
an Angle of Dead Rise of 20°. E. J. Mottard. 
U.S., NASA TN D-180, Jan., 1960. 28 pp 
Determination of the wetted length, resistance, 
and trimming moment for values of beam-load 
coefficient C, from —3 to 37, Froude numbers 
from 6 to 25, and Reynolds numbers from 5 X 
10° to 10’. 


Hydrodynamic Impact-Loads Investigation of 
Chine-Immersed 0° Dead-Rise Configurations 
Having Longitudinal Curvature with an Appended 
Bibliography of Langley Impact Basin Hydro- 
dynamic Publications. R. . Miller. U.S, 
NASA TN D-207, Feb., 1960. 33 pp. 57 refs. 


Experimental Investigation of Aspect-Ratio-1 
Supercavitating Hydrofoils at Speeds up to 185 
Feet per Second. K. W. Christopher and V. E 
Johnson, Jr. U.S., NASA TN _ D-187, Jan, 
1960. 52 pp. Experimental investigation made 
to obtain force and moment data and values of 
minimum angle of attack of the hydrofoils at 
depths up to one chord. Force and moment data 
are found to be in good agreement with theory, 
while spray contours at high angles of attack do 
not agree with theoretical values. 
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